.-.Hut Clatri. Tu’rui 


IOK Til K 


MIDDLE DT STRI CT OF PENNS YLVANIA _ 


BALLY MANUFACTURING CORPORATION, 


Civil Action File No 


n POTTLIEB & CO., WILLIAMS ELECTRONICS, 
INC*, and ROCKWELL INTERNATIONAL CORPORATION], 

To Mr . Gregory Cox 

683 Berkshire Drive 
State College, PA 16801 


YOU ARE HEREBY COMMANDED to ..poor to th. United Stales Disttie. Court for the 


A. M. to 


Middle District of Pennsylvania on 

o. * nss** s i. at %“ 1 o 1 ‘ 9<i <««* »•-- 

testify on behalf of ‘ def gndant^? r D. Gottlieb & Co., Williams Electronics, Inc. 

inthe^bi-^enmKdactio^ndi^fnVwithyou the documents set forth in the 
attachment to this Subpoena. 


Augusts 25 , 19.81 


'Attorney for Defendants 
1500 So . Ather ton _ Street 
StaiSr^blTegeV PA 16801 


Received this subpoena at 
and on 


return on service 


dokald ?v. 


M 


/ V Clerk. ^ / 

yCpUN-l e At. /• /j- 


h A U^ksi 1-L AaA*. Ly_ A ' -A- 

J peputy Clerk. y 


brdHiverC a1o5y n to h 6d and tendering to h the fee for one day’s attendance and the mileage 
allowed by law. 1 


Dated : 

19 

Service Fees 

Travel $ 

Services 

Total $ 


Subscribed and .sworn to before me, a 
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ATTACHMENT TO SUBPOENA OF MR. GREGORY COX 


You are requested to produce for inspection and 
copying in connection with your deposition all documents and 
things in your possession, custody or control relating to the 
subject matter of the Affidavit and Declaration which you 
executed March 5, 1981 and July 9, 1981, respectively, 
including without limitation: 

1. Documents and things relating to your employment 
by Cyan Engineering during 1974 which refer or relate to the 
projects you worked on or the people you worked with. 

2. Documents relating to El Toro pinball machine 
project, the computer program you developed for the El Toro 
prototype or the Cyan open house in June, 1974. 

3. Documents relating to your contacts and 
discussions with Intel personnel and/or Steven Mayer. 

4. Correspondence to or from Bally or its attorneys 
relating to any of the foregoing matters and specifically 
including, without limitation, correspondence, notes, tapes, 
etc., relating to the preparation of the Affidavit and 


Declaration . 


luttfii £>tatra Sifitrirt (Eunrt 

FOR THE 


MIDDLE DISTRICT OF PENNSYLVANIA __ 

Civil Action File No. 

BALLY MANUFACTURING CORPORATION, ■, 


VS . 

D. GOTTLIEB & CO., WILLIAMS ELECTRONICS, 
INC*, and ROCKWELL INTERNATIONAL CORPORATION, 


No. 


To Mr. Gregory Cox 

683 Berkshire Drive 
State College, PA 16801 


YOU ARE HEREBY COMMANDED to appear in the United States District Court for the 

Middle District of Pennsylvania 

nt Miller, Kistler & Campbell in the city of State College on 

; he 15 ??r§?- 1981 at 9:30 o’clock A. M. to 

testify on behalf of defendantSf Gottlieb & Co., Williams Electronics, Inc. 

and Rockwell International Corporation 
in the above entitled action and bring with you t h e documents set forth in the 

attachment to this Subpoena. 



RETURN ON SERVICE 


Received this subpoena at on 

and on 

served it on the within named 

by delivering a copy to h and tendering to h the fee for one day’s attendance and the mileage 
allowed by law . 1 


Dated : 

19 By 

Service Fees 

Travel $ 

Services 


Total $ 




Subscribed and sworn to before me, a 

, 19 


this 


TO SUBPOENA OF HR. GREGORY COY 

You are requested to produce for inspection and 
copying in connection with your deposition all documents and 
things in your possession, custody or control relating to the 
subject matter of the Affidavit and Declaration which you 
executed March 5, 1981 and July 9, 1981, respectively, 
including without limitation: 

1. Documents and things relating to your employment 
by Cyan Engineering during 1974 which refer or relate to the 
projects you worked on or the people you worked with. 

2. Documents relating to El Toro pinball machine 
project, the computer program you developed for the El Toro 
prototype or the Cyan open house in June, 1974. 

3. Documents relating to your contacts and 
discussions with Intel personnel and/or Steven Mayer. 

4. Correspondence to or from Bally or its attorneys 
relating to any of the foregoing matters and specifically 
including, without limitation, correspondence, notes, tapes, 
etc., relating to the preparation of the Affidavit and 
Declaration. 


CIVIL SUttr.UUiN A IV riu 


UU'jfJ U'J\- 


littlfb ^tatra lintrirt (Umirt 

FOR THE 


BALLY MANUFACTURING CORPORATION, 


Civil Action File No. 


D. GOTTLIEB & CO . , WILLIAMS ELECTRONICS, INC. 
and ROCKWELL INTERNATIONAL CORPORATION 


To Mr. Gregory Cox 

683 Berkshire Drive 
State College, PA 16801 


YOU ARE HEREBY COMMANDED to appear in the United States District Court for the 

Middle District of Pennsylvania 

at Miller, Kistler & Campbell i n the city of State College on 

the 15 °?ith A ®y^° n SeKmber , 1961 at 9:30 °’ C ' 0ck A ' M ' t0 

testify on behalf of defendants, D. Gottlieb & Co., Williams Electronics, 

Inc. and Rockwell International Corporation 
in the above entitled action and bring with you the documents set forth in the 

attachment to this Subpoena. 


Septemlx 

C 


19.8.1. 


Attonhw f°f Defendants 
1_50_0_S . Atherton Street 

Address 

State College, PA 16801 


By„ 


RETURN ON SERVICE 



/ J Deputy Clerk. W 


Received this subpoena at Miller, Kistler & Campbell, Inc., office on September 8, 

1981 and on Sept. 9, 1981 at 412 S. Allen Street, State College, Pa. 

served it on the within named Gregory Cox by and through his attorney Benjamin Novak, Esq., 
by delivering a copy to him and tendering to him the fee for one day’s attendance and the mileage 
allowed by law. 1 


Dated: 

._Sept,__9_ L , 198Jl__ By___ 

Service Fees Terry \r.yWi 11 iams, Esouire 

Travel $ J 

Services 


Total $ 


^Subscribed and sworn to before me, a Notary Public, 

d mi 


this 


September 


, 19 81. 


ATTACHMENT TO SUBPOENA OF MR. GREGORY COX 
You are requested to produce for inspection and copying 


in connection with your deposition all documents and things 
in your possession, custody or control relating to the 
subject matter of the Affidavit and Declaration which you 


executed March 5, 1981 and July 9, 1981, respectively, 
including without limitation: 


1. Documents and things relating to your employment 


by Cyan Engineering during 1974 which refer or relate to the 
projects you worked on or the people you worked with. 


2. Documents referring or relating to the El Toro 
pinball machine project, the computer program you developed 
for the El Toro prototype or the Cyan open house in June, 


1974. 

3. Documents referring or relating to your contacts 
and discussions with Intel personnel and/or Steven Mayer. 

4. Correspondence to or from Bally or its attorneys 
relating to any of the foregoing matters and specifically 
including, without limitation, correspondence, notes, tapes, 
etc. , relating to the preparation of the Affidavit and 


Declaration. 


IN THE UNITED STATES DISTRICT COURT 
FOR THE NORTHERN DISTRICT OF ILLINOIS 

eastern division 


BALLY MANUFACTURING CORPORATION, ) 

Plaintiff, } 


D. GOTTLIEB & CO. , WILLIAMS ) 
ELECTRONICS, INC. and ROCKWELL 1 
INTERNATIONAL CORPORATION, ) 

Defendants. ) 


CIVIL ACTION NO. 
78-C-2246 


NOTICE OF DEPOSITION 


To: Donald L. Welsh 

A. Sidney Katz 

Fitch, Even, Tabin, Flannery & Welsh 
135 S. LaSalle Street 
Chicago, IL 60603 

PLEASE TAKE NOTICE that at 9:30 a.ro. on the 11th day of 
September, 1981, at the offices of Miller, Kistler & Cambell, 
Inc., 1500 South Atherton Street, State College, Pennsylvania 
16801, or such other place agreed to by counsel for the 
parties, the defendants in the above-captioned action will 
take the deposition of Mr. Gregory Cox whose post office 
address is 683 Berkshire Drive, State College, Pennsylvania 
16801, upon oral examination pursuant to the Federal Rules 
of Civil Procedure before a Notary Public or other officer 
authorized by law to administer oaths. The oral examination 


Lv6 k 


Ccx / -*'/ 



will continue from day to day or until completed or until 
adjourned by defendants. The witness will be asked to 
produce the items set forth in the Attachment' hereto. 

You are invited to attend ar 


OF COUNSEL: 

Melvin M. Goldenberg 
William T. Rif kin 
McDougall , Hersh & Scott 
135 S. LaSalle Street 
Chicago, IL 60603 

Attorneys for Williams 
Electronics, Inc. 



Joiilr-#/ Esq. 

Wayne M. Harding, Esq. 
Sydney M. Leach, Esq. 
ARNOLD, WHITE & DURKEE 
P. O. Box 4433 
Houston, TX 77210 

Attorneys for D. Gottlieb & 
and Rockwell International 
Corporation 
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Co. 




ATTACHMENT TO SUBPOENA OF MR. GREGORY COX 


You are requested to produce for inspection and copying 
in connection with your deposition all documents and things 
in your possession, custody or control relating to the 
subject matter of the Affidavit and Declaration which you 
executed March 5, 1981 and July 9, 1981, respectively, 
including without limitation: 

1. Documents and things relating to your employment 
by Cyan Engineering during 1974 which refer or relate to the 
projects you worked on or the people you worked with. 

2. Documents referring or relating to the El Toro 
pinball machine project, the computer program you developed 
for the El Toro prototype or the Cyan open house in June, 
1974. 

3. Documents referring or relating to your contacts 
and discussions with Intel personnel and/or Steven Mayer. 

4. Correspondence to or from Bally or its attorneys 
relating to any of the foregoing matters and specifically 
including, without limitation, correspondence, notes, tapes, 
etc. , relating to the preparation of the Affidavit and 
Declaration. 



certificate of service 


I hereby certify that a copy of the foregoing NOTICE OF 
DEPOSITION was served on plaintiff by depositing a copy with 
the United States Postal Service, first class mail, postage 
prepaid to Donald L. Welsh, A. Sidney Katz, Fitch, Even, 
Tabin, Flannery & Welsh, 135 S. LaSalle JStreet, Oiicago, 

*r 


Illinois 60603 this ^ day of 






Elect 

CANNICI - VAN NATTA 

For Council 


They’ve earned the right to serve. 


Paid for by the Committee to elect Canrrici • Van Natta. 




/} 


e t' t 


rr' 0 (jL -/ 

Cfl " C '£*. Jy'-n 'X 




yljt^CUL (yf C+* 






7 9 r APttxJ^ 


4 ^ //? V J 















0 







- | 
b JsAjl 


v/L. . j/f 

ifift) 





1 YuL . 


zL. 
X L . 



7 


•» «;*: Tynwwn r B»*« KJIWM • iwwywiBUff^iWHp) 


Fitch, Even, Tab in, Flannery & Welsh 
Suite 900 

135 South LaSalle Street 
Chicago, Illinois 60603 


Attention: Hr. Jerry Schnayer 



Enclosed please find *u/ bill for consulting services regarding the 
Atari EL TORO pinball game for the period 15-28 February 1981. 


Sincerely, 




Co* y~)0 

9 //i 1 6) 








Gregory E. Cox 


Horn _ 

1^9 Rimn* Vista Dr. 

F-tngwood. N..T. 07456 

1981 

Trk 

. nan n 

Fitch. Even, Tabin, 

Flanneryfit Welsh 

10 

SirftpQOO - 135 South LaSalle Street 

bireei . 

Citv 

Chicago. 111. 60603. 

TermOO Days Net 


Billing for consulting services 15-28 Feb. 1981 



Statement 


From _ o £V (^y 

{J. r-rA ^1? 

/O dJcsp *-\J~ Q •sT'f 19 c 

To — fit t cJ± e*/. a. /. 

Street vj\w-rgr 9oo — /?/"'' ^ Ca X# ^L€" 


City COlSA^H 4-i- 

7 


.Terms 


go >//r /Jrr~~ 


^ tci C*+jso vJer£i/>c6T 

| 

^// To fato/fo/ I k?*o.| 




7 OU* 



AJL/ytJ 


i cJL 








DECLARATION FOR GREGORY COX 



I, Gregory Cox, hereby declare: 

1. I currently reside at 683 Berkshire Dr.» State College, 
Pennsylvania. 

2. On March 5, 1981 I executed an affidavit concerning my 
activities while employed by Cyan Engineering in 1974. 

3. For about the first six weeks of my employment at Cyan 
Engineering Steven Mayer and I had ongoing discussions with Intel 
employees and representatives, including Intel applications engineers, 
concerning our work on the El Toro project. These discussions included 


several telephone calls which I had with Intel applications engineers 
referred to me by Steven Mayer. A majority of the discussions involved 
telephone conversations between Steven Mayer and Intel. I became aware 

of the details of the telephone conversations between Steven Mayer and 

«* 

Intel through conversations with him where Steven Mayer discussed with me 
the information he had obtained from Intel. In these discussions with 
Intel, Steven Mayer and I asked technical questions about the operation 
of Intel microprocessor related products including the MCS-4 microcomputer 
chip set and the Intellec development system, and how to interface them 
to components of the El Toro and other games. Additionally, such dis- 
cussions with Intel included questions by us about how to program the 
Intellec development system to control the various components of the 
El Toro and other games. Steven Mayer and I used the information that we 
learned from these discussions with Intel in designing control circuits 
for the El Toro prototype. 


4. While working at Cyan Engineering in 1974 I generated and 
developed the .oftwere progrem for the El Toro prototype. Attached hereto 

I 



Coy: ( V 

9/nht 


. ..4 th« liM *° 


H»« ^ w 


„ Exhibit. A *nd B .r. co P le. of document, l.beled respectively CC»4 and 
CD55 which I gener.ted In connection with this work. CD54 Is • preliminary 
version of the software program which I designed, coded and put Into 
operation in the El Toro prototype. CD55 is a patch log which I generated 
after debugging CD54. CD54 and CD55 taken together, or their exact 
functional eqlvalents, comprise a versi'on of the software program for the 
El Toro prototype which 1 generated and which was used with the El Toro 
prototype at the "open house" referred to in paragraph 13 of my above 
mentioned affidavit (hereinafter referred to as the "open house" version 
of the software program). 

5. I participated In developing the software program for the 


El Toro prototype. During thia development 1 observed a switch debounce 
problem with the playfield twitches which caused a single switch closure 
to register multiple scores. In order to correct this switch debounce 
problem 1 designed into the software program for the El Toro prototype 
switch debouncing software program instruct included in the 

software program documented in CD54 and G4”55, and which were contained 
in the "open house" version of the software program. I designed the switch 
debouncing software program instructions so that the El Toro would not 
to successive switch closures until approximately 35 milliseconds after 
all closed switches returned to an open state. As a result of these switch 
debouncing software program instructions, in the case of a continuous 
closure of a playfield switch, such as a "stuck switch", the El Toro would 

/be. 7fi(n 

not respond to other switch closures. Therefore,!! a stutk switch occurred 
the digital displays of the El Toro would not increase the score which 
normally would have resulted from closure of switches other than the stuck 
switch, the solenoids such as the kickers would not activate, and the lamps 
would remain in the state they were in prior to the occurrence of the 


stuck switch. 


6. During my participation in the design and development of 
the El Toro prototype I became familiar with the Atari and Cyan Engineering 
personnel who worked on the project, which included Steven Mayer, Larry 
Emmons, Mike Rogers, Ed Scheetler, Joel Miller and others. Particulary, 

1 had conversations with these personnel wherein they told me about their 
past experiences and background relating to pinball machines. Through 
these conversations 1 became aware that none of these personnel had any 
direct experience in the design and/or manufacture of pinball machines. 

7. Shortly after being hired by Cyan Engineering, Steven Mayer 
and/or Larry Emmons discussed with me the strictly enforced company policy 
at Cyan Engineering and Atari of not discussing any aspect of our design 


activities with anybody except Cyan Engineering and Atari employees, 


Pi 


Steven Mayer and/or Larry Emmons told me that the reason for this policy 


Because of the competitive nature of the game business, where most . of 

/It' l{\n\ 

the sales of newly released frames jarred wlthin 6 ® onths of thei 3 


»ir initial 

release to the market plaee / £f''t ^’design of a new game were stolen, copied 


7 


and sold by a competitor prior to its being placed on the market by Atari, 
due to the short sales life of games Atari would realize a significant 
loss of sales. 

8. Through discussions with employees of Cyan Engineering and 
Atari it is my understanding that all employees were aware of this policy 
referred to in the proceedingV/abov^ ^ragrap ^ which was strictly enforced/^ 
throughout the entire period time I was employed with Cyan Engineering in 
1974. 

9. Consistent with the policy referred in the preceding two 
paragraphs above throughout my entire employment at Cyan Engineering all 
drawings relating to design efforts at Cyan Engineering when not in use 
were locked in security cabinets, the Cyan Engineering facility had a 
special burgular alarm system, and guards patroled the facility during 


W 


nonbuainess hours. 


T • 


> v i \) 
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rr»<1P - 


,„d the liK« »« 


10. Prior to the "open house" referred to In paragraph 13 of 
my above mentioned affidavit I participated in discussions with Cyan 
Engineering personnel, including Steven Mayer and Larry Emmons, where 1 was 
told that the purpose of the "open house" was to allow Atari personnel 
to view our facilities and the projects that we were working on, and to 
set up a social gathering of Atari and Cyan Engineering employees and 
families to foster a closer working relationship between the two parts 
of the company. During these discussions I was also told some of the 
Atari employees who would be present at the "open house"* 

11. It is my understanding that the only people present at the 
"open house" were Cyan Engineering and Atari employees, and members of 
immediate families. My understanding is based on the fact that, with 
respect to every person who attended the "open house", I either personally 
knew them or they were introduced to me. My understanding is also based 
on the discussion referred to in the preceding paragraph above. 

12. It is my understanding that everyone present at the "open 
house" understood that all information learned at the "open house" was 
to be kept strictly company confidential. My understanding is based on my 
knowledge of the strictly enforced company policy as discussed in para- 
graph 7, 8 and 9 above, and on my understanding that all attendees at the 
"open house" were either company employees or members of their immediate 
who would be fully aware of these policies, and the requirement to keep all 
information concerning company work company confidential. 

The undersigned declarant, Gregory Cox, declares further that all 
statements made herein of his own knowledge are true and that all state- 
ments made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false 


statements and the like so made are punishable by fine or imprisonment, 
or both, under section 1001 of Title 18 of the United States Code. 


Declarant’s full name: 



Date 7/ tf&L- 

Post office address: US ?>£■ 
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A 


n^t 


^ T„ k fC. 


/ 


o 


o 


-T-0— 


0 s VECTR *258 
0: 

Os/ PINBALL EXECUTIVE 
CVs/ 

Os LDM 12 /SET GAME OVER AND BACKGROUND ON 

1 : XCH 2* 

2 s PI N3AL LDM 0 /TURN LEDS OFF 
3s JMS RPOOP 
5-s— LPn-- 6 -/ P O SITIO N 
6 s 
8s 
9s 

1 1 : 

12s 

1 A S 

15 s 
17 s 
18s 
19s 
20s 
22s 

23 s 

24 : 

2frr 



/r 

r 

of>'L 

<>r 


/ /&? u>va'7~ 

/StUcT 1 “ 


/fistT7*+J 


7~0 


A 


RP 003 


JMS IX0P42 
VRR 

JTZ * /VAIT FOR 120 HZ 
LD 14 /ENABLE FLIPPERS 

-xVAZ-^5^ 



JMS 
LDM 
VRR 
CLB 
JTZ 
I AC 
XCH 
FIM 
—Wb 


PULSE 
IF BALL 


COUNT 


1 /TEfST AND SET PHASE 


♦ 43 


4 

IP, 8 /RESET X, Y ^ 

- g**- /DE L -& V TO OWCH 5C R ~T 0 '^ L ' I 1jTfTS‘ <: C \ 



LD 4 /TEST PHASE 

RAR 

LD 7 

JCO *43 

LD 9 

VRR /OUTPUT FIRST 4 LIGHTS 
LDM 15 

JMS RPQJ OP /ENABLE RO M 0 
LD 6 ^ 

JCO *43 
LD 5 

VRR /OUTPUT LAST 4 LIGHTS 

ir PM i 4< s/ — 

JMS RPOOP /ENABLE ROM 0 
■ - JHS -- B *ttP y 1 TP 0 S 1 T 1 0 N X~ T O 


l *//! 

znrj 


°ZPo<}P 


/ S 


-A-*- 



t-**” ° ufi 

6l yfbA' 

o~n~ <£ * 

orv^s ZT~rC 4>pr 


S'uJA'T- fat- *^* T 

/ PoUTfc? 


RPOOP /TURN ON LED A SCORE 10,000 
DLY /DELAY FOR LIGHT 
5 /TEST OUT HOLE 


RA 1 -3 , GTB 


ball count 


*46 /TEST SHOOT AGAIN 
14 /INCREMENT BALL COUNT 



-/rwr JW’ 


» 'T7 ’ * 


70 

71 

TO 

73 

7A 

75 


^ -♦ ' -. .ua> _a x 

RAL 

xck e 

LD 1/1 /DECREKENT BALL COUNT 
DAC 

XCH 14^ 




k-— ^ •JW»*ygji v -j. 


JAZ 0H3 

•>7;PHg JMS SOLEN /OUTPUT OUT HOLE KICKER 


L.T> 



crT /J 


/GET WATCH VALUE 


IF A MATCH 


”BAs JUN PINBAL 

85 : 0H3 LDM A /TEST MATCH ENABLE 
87: VRR 
88: JTZ 5G0 
90: JMS MATCH 
92: CLC 

93: LD 0 /TEST 
9 A : SUB 10 
95: JAN SGO 

97: JMS GM1NC /INCREMENT GAME COUNT 
99 : SG 0 LD 8 /SET GAME OVER LIGHT ON 
100: JMS SB2 
102: LD 0 
103: XCH 8 

1 OA : JUN PB1 /CONTINUE PROCESSING 


L * at /STf*r a 






* 


LIGHTS 

X TO F 


~JM5 DLY /DELAY FOR 
JMS IXOP /POSITION 
LD 15 
CLC 
DAA 
XCH 4 
TCC 
JMS 
JMS 
JMS 
LD 4 

JMS RPOCP /OUTPUT LED G GAMES 
JMS DLY /DELAY FOR LIGHTS 

J HZ ■IX O T*-"r PC51T I O N"X- T - 0 -iH< 

LD 14 /TEST BALL COUNT FOR MATCH 
— -*^<** £ — — 


7 /7ZJ / 
fC 

* ■; 

G,rrjr*JC 

<5 m zr*> c 


7- 3 ? 


RPOOP /OUTPUT LED F GAMES REMAINING 
DLY /DELAY FOR LIGHTS 
IXOP /POSITION X TO G 


1 0 


REMAINING 1 


Lbrt & 


/Cs,rrt*> X ;x> 




229: JMS J^ATCH 

231 : LD G 

232: JMS RPOOP /OUTPUT LED H MATCH TENS 
234: JMS DLY /DELAY FOR LIGHTS 
236: JUN P1NBAL /GO ROUND AGAIN 
238 : / X COORDINATE OUTPUT ROUTINE 
233:-/ 


-tJYA6 


*-^7 

x* 4 > P 


23 B f IXOP INC 2 /ENTRY HERE FOR X COORD INCREMENT 
2391- LD 2 

VRR /ENTRY HERE FOR X COORD IN ACC 
LDM 1 
DCL 

JUN URET 
KNOCKER AND 


240 r 
24 1 : 

242 : 

243 : 

245: / 

245 i / 

2 4 5 : XC H VRR 
-246* LDM 2 
247i DCL./CLOCK 
243i jnjf \ 


» 

i - 


CHIME 
/OUTPUT ACC 


OUTPUT ROUTINE 


TO DECODER 



250sRt!IKC ISZ 1 5, **4 / 1 NCREK5.K1 Gh..l 

2S2s LDM 15 
. 253s XCH 15 

256s LDM 3 /OUTPUT KNOCKER 
255s JMS KCH 
257 t B3L 0 
253s *512 


cqmjt 


3 



512s/ 

512$/ SWITCH TEST LOGIC LOOP 
512s/ 

5 1 2 sLOOP JMS RPOOP , 

5165 LD 3 
5158 VRR 

5 1 6 « JTZ #+6 /TEST SWITCH 

516s JUN VECTR /VECTOR TO SERVICE ROUTINE 
520s LRET ISZ 3,L00P+2 
522s LDM 8 /RESET Y 
S23 s XCH 3 

5268 JMS DLY /DELAY FOR LIGHTS 

526s JMS IXOP 

526s BBL 0 /RETURN 

529s/ ROM PORT 0 OUTPUT ROUTINE 


529s/ 

529 s RPOOP F1M OP, 0 /SELECT ROM 
531s SRC OP 

532s VRR /OUTPUT ACC TO PORT 
533s FIM OP, 16 /SELECT ROM 1 
535s SRC OP 
536s BBL 0 /RETURN 
537s/ DELAY ROUTINE 
537s/ ^ 

537 8 DLY FIM 0PJ^5C? /DELAY 1/2 MS 
539s ISZ 0,* 

561s ISZ 1,* 

5638 BBL 0 

5665/ SCORE MATCH ROUTINE 




544:/ 

544 : MATCH CLC /GET A TENS DIGIT MATCH 

545: LD 11 

546: ADD 12 

547: ADD 13 

545: CLC 

549: DAA 

550: XCH 0 

551 i BBL 0 

552:/ SET BIT ROUTINES 
552«/ 

552 : SB 1 RAR /SET BIT 1 
553: RAR 
1 554: STC 

555: RAL 
556: RAL 

i 557.i XCH 0 

558: BBL 0 

559 : SB2 RAL /SET BIT 2 
560: RAL 
56 1 : STC 
562: RAR 
563: RAR 
Cj 564: XCH 0 
565: BBL 0 

566:/ SOLENOID OUTPUT ROUTINE 
566 : S OLEN LDM 4 /ISSUE DCL 3-0 
567: D^L, 

56B:OTT£T CLB 





» 

i - 




tf? - 


0 1 = 258 • 

258 STABLE = 488 
258 sLRET -520 
258 : SOLEN -566 
258 : SB 1 -552 
258 s SB2 -559 
258 t GM I NC -250 
2 5 8 s KC H =245 
258s 1X0P =238 

258 i /SV ITCH SERVICE VECTOR ROUTINE 
258s/ 

E r ’ 3 . VC CT R ~ 1N0 * ; ■ INCRE M E N T HI T COUNI 
259s LD 5 /TEST KISS COUNT FOR NEW SWITCH — 
260s CLC 
261s RAR 

26e-t— JA- Z LRET /SAME DL -P SV ITCT T ^ 


+*** 

v/e^.r£ 


O 





cru d 


LX b 

zrc cV 
cru ** 

(ZAl 

ju ^ 
£ 


utcr 


/TC **• ^ 
TUT 


* J< 


■* 4 ^ 
U<^T 


*4r 4-^1 

/i?u* 


w£+JT 

C+ u+> *" 


i^A 

loC 


264: 
266: 
267: 
268: 
269 : 
271 : 
272: 
273 : 
274 : 
275: 
276: 
277: 
279: 
280: 
281 : 
282: 
284 : 
285: 
287 : 
288: 


FIM OP/ TABLE /GET JUMP TABLE START ADDRESS 
LD 2 /ADD LEAST SIGNIFICANT PART OF OFFSET 
RAR 

LD 3A- 
JCZ ♦♦5 
RAL 
CLC 
RAR 
CLC 
ADD 
XCH 
JC*Z 
INC 
LD 2 
RAR 

JC Z * + 6 
RAR 

JCZ *f3 

1N(UV__ 

JIN OP 


1 

1 

*43 

0 

/ADD 


MOST SIGNIFICANT PART OF OFFSET 


FDrO oP 


/JUMP TO SERVICE ROUTINE 
289 : /SV 1 TCH SERVICE ROUTINES 
289:/ 

289 : SSHOT JMS SOLEN /SLING SHOTS 
291 : JUN SCT 

293 : TBUNP JMS SOLEN /THUMPER BUMPERS 
295: LD 3 /TEST IF GREEN OR YELLOW 
296: RAR 

2^7-r-JC-O— S-C-T-^ 

299: LD 9 /TEST POINT VALUE OF GTB 




300: 
301 : 
3 03 : 


RAL 

JCO 

JUN 


SCH 
SCT 
7 /E 


O 


3 05iE LD 
3064 RAR 
3074 STC 
308i RAL 
309: XCH 7 
310: jm SCH 
3 1 2 :L LD 7 /L 
313: JMS SB 1 
315: LD 0 
316: JUN E 44 
3 1 8 i T LD 7 /T 
319: JMS SB2 
321 : LD 0 
322: JU/tf E + A 
32*r<M 


ROLL OVER 


ROLL OVER 


ROLL OVER 


-•f'—roi- rdll— o \rErj*? 


J 



Lb 

LM_ 

frc 

(LML 

y.cfr 


i _ 

V. 


7 



331 : STC 

332 : RAR 
333: XCH 9 






334 : JT)N 
336 :R LD 
337: RAR 
338: STC 
339:. RAL 
c3a oT 


SC K 
6 /R 


ROLL OVER 


342 • 02 LD 
343 : RAL 
3 A A : STC 
345 :R 
[3UtS: JON 
jAETKRT 



3 A9 : RAR 

350: STC 

351: RAL 

352: XCH 9 

353: JUN SCK 

355 :MR2 LD 9 /MUSHROOM 2 

356: JMS SB! 

358: LD 0 

359: XCH 9 

360: JUN SCH 

362 : MR3 LD 9 /MUSHROOM 3 

363: JMS SB2 

365: LD 0 

366: JON MR 1+4 

368 :RA 1 LD 9 /RIGHT ALLEY 1 

369: RAR 



i 


I 






370: JCO SCK 
372: JON SCH 

374 : RA2 LD 9 /RIGHT ALLEY 2 

375: RAR 

376: JUN RA1+1 

378 :RA3 LD 9 /RIGHT ALLEY 3 

379: RAR 

380: JUN RA2 ♦ 1 

382: RAA LD 9 /RIGHT ALLEY RESET 

383: RAL 

3 BA : LDM 0 

385: RAR 

386: XCH 9 

387: JUN LRET 

389 :XTRA LD 6 /EXTRA ROLL OVER 

390: RAL 

391 t RAL 

392: JCZ SCK 

394: LD 8 

395: RAR 

396* STC 

397: RAL 

398: XCH 8 

399: JUN SCK 

401: SPEC LD 6 /SPECIAL ROLL OVER 

402: RAL 

403: JCZ SCK 

405l JMS XMINC 

4 07 » JU>r $CK 

409:/ S&QTtE ROUT I ?„»£ 5 




I 

i . 





4 0® • SCT LDK 0 /OUTFIT 10 P*T" C H 1 M t* 

4! Os J MS XCH 

. 412: LD 7 /TEST FOR EXTRA 4 SPECIAL 
413: CMA 
414: JAN * +24 
416: LD 6 
417: RAR 
418: JC Z *+2 0 
420: RAR 
421 : JCZ *+17 

423: LD 10 /TEST EVEN ODD TENS DIGIT 
424: RAR 
425: JCZ *+l I 

427* LD 8 /TEST SHOOT AGAIN 
428: RAR 
429: LDM 3 
430: JC 0 *+3 
432: LDM 7 
433: XCH 6 
434: JON *+4 
436: LDM 1 1 
437: XCH 6 

438s LD 10 /INCREMENT SCORE 
439: I AC 
440: DA A 
441 : XCH 1 0 
442s JCO SCH+3 
444: JUN LRET 


G 


446:/ 
446 : SCH 


LDM 1 /OUTPUT 100 PT CHIME 


JNS KCH 

LD 11 /INCREMENT SCORE 
I AC 
DA A 

XCH 1 1 * 

JCO SCK+3 
JUN LRET 


447 : 

449 : 

450: 

451 : 

452 : 

453 : 

455: 

457:/ 

457 : SC K LDM 2 /OUTPUT 1,000 PT CHIME 



JMS KCH 

LD 12 /INCREMENT 
1 AC 
DAA 
XCH 12 

-S-KC- 4 3 ■ / i--NeRETTrrrr— 


SCORE 




-tr 


J^iniJ--JLR^P--rR E E, PLA^f 


15 

XA C 

X>A- A 


Pl*V 




15 




IX0Pj2_/l 


LDM 
JMS 
JTZ 
JMS 
JMS 
JUN 
* 4 88 
O+SSHOT 
O+SSHOT 
04TBUMP 
04TBHMP 

% 0 4-n^UMP 

. 


LOOK 


FREE PLAY SVITCHES 


GMINC /FREE PL-AY 

IXOP+1 /RETURN X TO VHERE IT VAS 
LRET 


LL O 

* 


i - 


/Y-0-7 X«B 


498: 0+0! 

499: 0+MR1 
500: 0+MR2 
501: 0+MR3 
502: 04RA1 
503: 0+RA2 

504: 0+RA3 /Y=0-6,X=D 

505: 0+RA4 

506: O+SCT 

507: 0+SCK 

508: 0+XTRA 

509: 0+SPEC 

510: O+SCK 
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BASIC INSTRUCTION SET 

The basic instruction set of the 4040 and 4004 (CPU) are shown below. The following section will describe each instruction In 
detail. 

[Those instructions preceded by an asterisk (*) are 2 word instructions that occupy 2 successive locations in ROM) 
MACHINE INSTRUCTIONS (Logic 1 = Low Voltage = Negative Voltage; Logic 0 = High Voltage = Ground ) 


MNEMONIC 

OPR 

D 3 D 2 D 1°b 

OPA 

DaDjDiOfc 

DESCRIPTION OF OPERATION 

NOP 

0 0 0 0 

0000 

No operation. 

*JCN 

0 0 0 1 

Aj A 2 Aj Aj 

c 1 c 2 c 3 c 4 

At A t A, Ay 

Jump to ROM address A 2 A 2 A 2 A 2 , At At At At (within the sem« 

ROM that contains this JCN instruction) if condition Cf C 2 C 3 C 4 m 
is true, otherwise skip (go to the next instruction in sequence). 

•FIM 

0 0 10 
°2 D 2 D 2 °2 

R R R 0 
□i D 1 D 1 D 1 

Fetch immediate (direct) from ROM Data D 2 , Dt to index register pair 
location RRR.^) 

SRC 

0 0 10 

R R R 1 

Send register control. Send the address (contents of index register pair RRR) 
to ROM and RAM at X 2 and X 3 time in the Instruction Cycle. 

FIN 

0 0 11 

R R R 0 

Fetch indirect from ROM. Send contents of index register pair location 0 
out as an address. Data fetched is placed into register pair location RRR. 

JIN 

0 0 11 

R R R 1 

Jump indirect. Send contents of register pair RRR out as an address 


0 10 0 
An An A 


a 3 a 3 a 3 a 3 


A. A. A. A. 



10 10 
10 11 
110 0 
110 1 


NEW 4040 INSTRUCTIONS 


MNEMONIC 


OPR 

D3D2 Di Do 


RRRR 
R R R R 
D D D D 
D D D D 


OPA 

D3°2 D 1 Do 


0 0 0 1 
0 0 10 



0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 


0 110 


0 111 

1000 
10 0 1 
10 10 
10 11 
110 0 
1101 
1110 


at A} and A 2 time in the Instruction Cycle. 

Jump unconditional to ROM address A 3 , A 2 . Aj. 


Jump to subroutine ROM address A 3 , A 2 , A|, save old address. (Up 1 level 
in stack.) 

Increment contents of register RRRR. ^) 

Increment contents of register RRRR. Go to ROM address A 2 , Aj 
(within the same ROM that contains this ISZ instruction) if result i 0, 
otherwise skip (90 to the next instruction in sequence). 

Add contents of register RRRR to accumulator with carry. 

Subtract contents of register RRRR to accumulator with borrow. 

Load contents of register RRRR to accumulator. 

Exchange contents of index register RRRR and accumulator. 

Branch back (down 1 level in stack) and load data DDDD to accumulator. 
Load data DDDD to accumulator. 


DESCRIPTION OF OPERATION 


Halt — inhibit program counter and data buffer*. 

Branch Back from Interrupt and restore the previous SRC. The Program 
Counter and send register control are restored to their pre-interrupt value. 

The contents of the COMMAND REGISTER are transferred to the 
ACCUMULATOR. 

The 4 bit contents of register #4 are logically "OR-ed" with the ACCUM. 


The 4 bit contents of index register #5 are logically "OR-ed" with the 
ACCUMULATOR. 

The 4 bit contents of index register #6 are logically "AND-ed" with the 
ACCUMULATOR 


The 4 bit contents of index register #7 are logically "AND-ed" with the 
ACCUMULATOR. 

DESIGNATE ROM BANK 0. CM-ROMq becomes enabled. 

DESIGNATE ROM BANK 1 . CM-ROM 1 becomes enabled. 

SELECT INDEX REGISTER BANK 0. The index registers 0 - 7. 
SELECT INDEX REGISTER BANK 1. The index register* 0* - 7*. 
ENABLE INTERRUPT. 

DISABLE INTERRUPT. - 

READ PROGRAM MEMORY. 

Co* X - / 

1-22 kVl3 

G/..U i 
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INPUT/OUTPUT AND RAM INSTRUCTIONS 

(The RAM’* and ROM's operated on in the I/O and RAM instructions have been previously selected by the last SRC instruction executed.) 


MNEMONIC 


OPR 

1110 


1110 


OPA 

°3 P 2 DiPQ 

o o 0 0 




0 10 0 


0 10 1 
0 110 


0 111 


1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 



RD2 <4) 


RD3 ,4) 


1110 


1110 


1111 


ACCUMULATOR GROUP INSTRUCTIONS 




1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 


0 10 0 



1111 

1111 

1111 

iiii 

1111 


0 111 


10 0 0 
10 0 1 
10 10 
10 11 
110 0 
110 1 


DESCRIPTION OF OPERATION 

Write the contents of the accumulator into the previously selected 
RAM mam memory character 


Write the contentsof the accumulator into the previously selected 

RAM output port. 

Write the contents of the accumulator into the previously selected 
ROM output port. (I/O Li nes) 

Write the contentsof the accumulator into the previously selected 
half byte of read/write program memory (for use with 4008/4009 only) 


Write the coniants of the accumulator into the previously selected 
RAM status character 0. 


Write the contents of the accumulator into the previously selected 

RAM status character ^ . 

Write the contents of the accumulator into the previously selected 
RAM status character 2. 


Write the contents of the accumulator into the previously selected 
RAM status character 3. 


Subtract the previously selected RAM main memory character from 
accumu l ator w ith borrow. 

Read the previously selected RAM main memory character 

Into the accumulator. 

Read the contents of the previously selected ROM input port 
into the accumulator. (I/O Lines) 


Add the previously selected RAM main memory character to 
accumulator with carry. 


Read the previously selected RAM status character 0 into accumulator. 
Read the previously selected RAM status character 1 into accumulator. 


Read the previously selected RAM status character 2 into accumulator. 


Read the previously selected RAM status character 3 into accumulator. 


Clear both. (Accumulator and carry) 


Clear carry. 

Increment accumulator. 
Complement carry. 


Complement accumulator. 


Rotate left. (Accumulator and carry) 

Rotate right. (Accumulator and carry) 
Transmit carry to accumulator and clear carry. 


Decrement accumulator. 

Transfer carry subtract and clear carry. 

Set carry. 

Decimal adjust accumulator. 

~ Keyboard process. Converts the contents of the accumulator from ] 
one out of four code to a binary code. 

Designate command line. 


NOTES: m Th* condition code it assigned as follows: 

C, “ 1 Invert jump condition Cj « 1 Jump If accumulator Is rero C 4 - 1 Jump If test signal is a 0 

C| ■ 0 Not Invert jump condition Co - 1 Jump if carry/llnk is • 1 

12 ) ° 

RRR IS the address Of 1 Of 8 index register pain In the CPU. 

RRRR is the address of 1 of 18 Index registers In the CPU. - 

4 " l,h twemv 4 bif ch *" cT * r * into 16 main memory character, and 4 status character*. 

Statu, . r#fl * iTer and m * nwv ch ** c,er *• ■ ddr *«» d ** en SRC instruction. For the selected chip and register however 

■tatus character locit.on, «r. selected by the instruction code (OPA). ^ ' nowever. 
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DETAILED INSTRUCTION DESCRIPTION 


A. Symbols and Abbreviations 

The following symbols and abbreviations will be used throughout the next few sections: 


SRCR 

O 

ACC 

CY 

ACBR 

RRRR 

RRR 

Pl 

Pm 

Ph 

CMj 

M 

Mg 

DB(T) 

Stack 

CR 

IE * 

RBO 

RBI 

V 

A 


SRC Register 

the content of is transferred to 
Accumulator (4 bit) 

Carry Flip-Flop 

Accumulator Buffer Register (4 bit) 

Index register address 

Index register pair address 

Low order program counter Field (4 bit) 

Middle order program counter Field (4 bit) 

High order program counter Field (4 bit) 

Order i content of the accumulator 
Order i content of the command register 
RAM main character location 
RAM status character i 
Data bus content at time T 

The 3 or 7 registers in the address register other than the program counter. 
Command register 
Interrupt enable 

Register bank 0 RRRRo — RRRR, enable 
Register bank 1 RRR Rq — RRRR, enable 
Logical OR 
Logical AND 


Throughout the text "page" means a block of 256 instructions whose address differs only on the most 
significant 4 bits. 


Example: 


page 7 means all locations having addresses between 0111 0000 0000 and 0111 1111 1111 


B. Format for Describing Each Instruction 

Each instruction will be described as follows: 

^1 ) Mnemonic symbol and meaning 

(2) OPR and OP A code 

(3) Symbolic representation of the instruction 

(4) Description of the instruction (if necessary) 

(5) Example and/or exceptions (if necessary) 


C. One Word Machine Instructions 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 


NOP (No Operation) 
0000 0000 
Not applicable 
No operation performed 


Mnemonic: 

LDM (Load Data to Accumulator) 

OPR OPA: 

1101 DODD 

Symbolic: 

DDDD ACC 

Description: 

The 4 bits of data, DDDD stored in the OPA field of instruction word are loaded into the 
accumulator. The previous contents of the accumulator are lost. The carry/link bit is 
unaffected. 


1-24 


Mnemonic: LD (Load index register to Accumulator) 

OPR OPA: 1010 RRRR 

Symbolic: (RRRR) ->• ACC 

Description: The 4 bit content of the designated index register (RRRR) is loaded into the accumula- 

tor. The previous contents of the accumulator are lost. The 4 bit content of the index 
register and the carry /link bit are unaffected. 

Mnemonic: XCH (Exchange index register and accumulator) 

OPR OPA: 1011 RRRR 

Symbolic: (ACC)-*ACBR, (RRRR) -►ACC, (ACBR) -► RRRR 

Description: The 4 bit content of the designated index register is loaded into the accumulator. The 

prior content of the accumulator is loaded into the designated register. The carry /link bit 
is unaffected. 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 


Example: 


ADD (Add index register to accumulator with carry) 

1000 RRRR 

(RRRR) + (ACC) + (CY) -►ACC, CY 

The 4 bit content of the designated index register is added to the content of the accumu- 
lator with carry. The result is stored in the accumulator. The carry/link is set to 1 if a sum 
greater than 15-jo was generated to indicate a carry out; otherwise, the carry/link is set to 
0. The 4 bit content of the index register is unaffected. 


Augend 

(ACC) 


Addend 

(RRRR) 


a 3 a 2 a 1 a 0 


+ ) *3 r 2 M r 0 


CARRY ► C4 S3 S2 $1 so ^ — SUM 

♦ • — 1 — ■ 

(CY) (ACC) 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 


SUB (Subtract index register from accumulator with borrow) 

1001 RRRR 

(ACC) + (RRRR) + (CY) -►ACC, CY 

The 4 bit content of the designated index register is complemented (ones complement) 
and added to content of the accumulator with borrow and the result is stored in the 
accumulator. If a borrow is generated, the carry bit is set to 0; otherwise, it is set to 1. 
The 4 bit content of the index register is unaffected. 


Example: 


Minuend 

(ACC) 


Subtrahend 

(RRRR) 


a 3 a 2 a l a 0 


+) r 3 r 2 r, r 0 


Borrow 


“ C 4 s 3 *2 Si SO 

♦ ' — 1 — ’ 

(CY) (ACC) 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 


INC (Increment index register) 

0110 RRRR 

(RRRR)+1->RRRR ’ , _ . . 

The 4 bit content of the designated index register is incremented by 1. The index register 

is set to zero in case of overflow. The carry /link is unaffected. 


Mnemonic: BBL (Branch back and load data to the accumulator) 

OPR OPA: 1100 DDDD 

Symbolic: (Stack) -*Pl, Pm* Ph* DDDD -►ACC 

Description: The program counter (address stack) is pushed down one level. Program control transfers 

to the next instruction following the last jump to subroutine (JMS) instruction. The 4 
bits of data DDDD stored in the OPA portion of the instruction are loaded to the 
accumulator. BBL is used to return from subroutine to main program. 

Mnemonic: JIN (Jump indirect) 

OPR OPA: 0011 RRR1 

Symbolic: (RRRO) -►Pm 

(RRR1)->P l ; P h unchanged 

Description: The 8 bit content of the designated index register pair is loaded into the low order 8 

positions of the program counter. Program control is transferred to the instruction at that 
address on the same page (same ROM) where the JIN instruction is located. The 8 bit 
content of the index register is unaffected. 

EXCEPTIONS: When JIN is located at the address (P H ) 1 1 1 1 1111 program control is transferred to the 
next page in sequence and not to the same page where the JIN instruction is located. That 
is, the next address is (P H + U (RRR0) (RRR1) and not (P H ) (RRR0) (RRR1) 

Mnemonic: SRC (Send register control) 

OPR OPA: 0010 RRR1 

Symbolic: (RRRO) -+ DB (X 2 ) 

(RRR1) -*DB (X 3 ) 

Description: The 8 bit content of the designated index register pair is sent to the RAM address register 

at X2 and X3. A subsequent read, write, or I/O operation of the RAM will utilize this 
„ address. Specifically, the first 2 bits of the address designate a RAM chip; the second 2 

bits designate 1 out of 4 registers within the chip; the last 4 bits designate 1 out of 16 
4 bit main memory characters within the register. This command is also used to designate 
a ROM for a subsequent ROM I/O port operation. The first 4 bits designate the ROM 
chip number to be selected. The address in ROM or RAM is not cleared until the next 
SRC instruction is executed. The 8 bit content of the index register is unaffected. 


Mnemonic: 
OPR OPA: 
Symbolic: 


Description: 


EXCEPTIONS: 


FIN (Fetch indirect from ROM) 

0011 RRRO 

(P H ) (0000) (0001 ) -► ROM address 
(OPR) -►RRRO 
(OPA) -+• RRR1 

The 8 bit content of the 0 index register pair (0000) (0001) is sent out as an address in 
the same page where the FIN instruction is located. The 8 bit word at that location is 
loaded into the designated index register pair. The program counter is unaffected; after 
FIN has been executed the next instruction in sequence will be addressed. The content of 
the 0 index register pair is unaltered unless index register 0 was designated. 

/ 

a. Although FIN is a-1-word instruction, its execution requires two memory cycles (21.6 
psec). 

b. When FIN is located at address (P H ) 1111 1111 data will be fetched from the next 
page (ROM) in sequence and not from the same page (ROM) where the FIN 
instruction is located. That is, next address is (P H + 1) (0000) (0001) and not (P H ) 
( 0000 ) ( 0001 ). 


1-26 




— ^ j L 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 


OPR OPA: 

Symbolic: 

Description: 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

Examples: 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 


HLT 

0000 0001 
W HAITI 


►STOP 


The processor sets the HALT and STOP flin fi™* d 

input buffers are inhibited. The processor ex cutes NOpT T"'" ™ remente ' a "<* data 
occur by means of STOP or INTERRUPT control. ^ V: continuatio " 



Mnemonic: 

icyisber. 

BBS 

OPR OPA: 

0000 0010 

Symbolic: 

(Stack ->P l .P m ,P h; ) 

SRCR0 -►DB(X2) 

Description: 

SRCR1 -> DB(X3) 

This instruction is a combination of BRANCH Rarir a c*bo •». 

counter is decremented and nrnnn . • BACK and SRC - The elective address 

forced JMS whtth 0 ccurred X"" 7*“"."* t0 the '«*ion saved by the 

content of the SRC register is sent ouTitV a^d '" ter ™ P * routine ’ ,n add ' tion - the 
restoring the I/O port selection Thk in ? and x 3 of the instruction cycle, thus 

enabling the CPU for , nterrupu ,rUC, '° n 3 ' S0 off the INT A line r & 

Mnemonic- 

The previously selected Index register bank wil, also be restored during this instruction 

1 Pb 


OOOO 0011 
(CR) ACC 


The 4 bit contents of the COMMAND RECSI^tpr r 

tor. This , iows savin, , be command 


OR4 - 

0000 0100 

(RRRR 4 ) V (ACC) ACC 

(ACC) 0101 

(RRRR 4 ) 1Q01 

ACC 1101 


(ACC) 

(RRRR 4 ) 

ACC 


0000 

1000 

1000 


OR5 

0000 0101 

(RRRR 5 ) V (ACC) -r ACC 

^^r:sr i,tr *" ,oaicai,y «*- - accu MUL ™ 


1 ! 
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Mnemonic: 

OPR OPA: 

Symbolic: 

Description: 

AN6 

0000 0110 

(RRRR 6 ) A (ACC) -►ACC 

The 4 bit contents of index register #6 are logically "AND-ed" with the ACCUMU- 
LATOR. The result is placed in the ACCUMULATOR and the CARRY is unaffected. 

Examples: 

(ACC) 0110 

<RRRR 6 ) Q100 

ACC 0100 


(ACC) 1111 

(RRRR 6 ) qooi 

ACC 0001 

Mnemonic: 

OPR OPA: 

Symbolic: 

Description: 

•AN 7 

0000 0111 

(RRRR 7 )A(ACC)-*ACC 

The 4 bit contents of index register #7 are logically "AND-ed" with the ACCUMU- 
LATOR. Carry flip-flop is unaffected. 

Mnemonic: 
OPR OPA: 

. Symbolic: 
Description: 

DB0 

0000 1000 

Enable -►CM-ROMo 

DESIGNATE ROM BANK0. The most significant bit of the COMMAND REGISTER, 

CR 3 , is reset. On the third instruction cycle following its execution, it causes CM-ROM 0 
to be activated. This Bank is selected with reset. 

Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

DB1 f' 

0000 1001 

Enable -+CM-ROM, 

DESIGNATE ROM BANK 1. The most significant bit of the COMMAND REGISTER, 

CR 3 , is set. On thethird instruction cycle following its execution, it causes CM-ROMj to 
be activated. 

Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

SBO 

0000 1010 

1 -► RBO, 0 -► RBI 

SELECT INDEX REGISTER BANKO. The index register bank select flip-flop is reset. 

Index registers 0 - 7, 8 - 15 will be available for program use. This bank is to be selected 
with a Reset. 

Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

SB1 

0000 1011 

0 -* RBO 1 -►RBI 

SELECT INDEX REGISTER BANK 1. The index register bank select flip-flop is set. 

Index registers 0* - 7*. 8 - 15 will be available for program use. 

Mnemonic: 
OPR OPA: 
Symbolic: 

Description: 

RPM 

0000 mo 

(1111) (SRC) -*■ ROM/RAM address 
(DDDD) -►ACC 

READ PROGRAM MEMORY. This instruction can be used only with the 4289 Standard 

Memory and I/O Interface Chip. The contents of the previously selected nibble of R/W 

Program Memory are transferred to the 4040 and loaded to the ACCUMULATOR. 
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Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

EIN 

0000 1100 

1 — ► 1 E 

ENABLE INTERRUPT. Internal interrupt detection logic is enabled. 


Mnemonic: 

DIN 


OPR OPA: 

0000 1101 


Symbolic: 

0 IE 


Description: 

DISABLE INTERRUPT. Internal interrupt detection logic is disabled. 


D. Two Word Machine Instruction 


Mnemonic: 

JUN (Jump unconditional) 


1st word OPR 

OPA: 0100 A 3 A 3 A 3 A 3 


2nd word OPR 

OPA: A 2 A 2 A 2 A 2 Ai Ai A-j Aj 


Symbolic: 

A 1 A 1 A 1 A 1 -+ Pl. A 2 A 2 A 2 A 2 P M, a 3 a 3 a 3 a 3 “► p h 


Description: 

Program control is unconditionally transferred to the instruction locator at the 
address A 3 A 3 A 3 A 3 , A 2 A 2 A 2 A 2 , A 1 A t A 1 A 1 


Mnemonic: 

JMS (Jump to Subroutine) 


1st word OPR 

OPA: 0101 A 3 A 3 A 3 A 3 


2nd word OPR 

OPA: A 2 A 2 A 2 A 2 Ay Ay Ay 


Symbolic: 

I p h * P M/ p l + 2) -* Stack 

A i At Ay At -►Pl, A 2 A 2 A 2 A 2 -►Pm, a 3 A 3 A 3 A 3 -►P h 


Description: 

The address of the next instruction in sequence following JMS (return address) is 
saved in the push down stack. Program control is transferred to the instruction 
located at the 12 bit address (A 3 A 3 A 3 A 3 A 2 A 2 A 2 A 2 A 1 Ay Ay A, ). Execution of a 


** 

return instruction (BBL) will cause the saved address to be pulled out of the stack, 
therefore, program control is transferred to the next sequential instruction after the 

J 


last JMS. 

The push down stack has 4 registers (8 registers in 4040). One of them is used as 
the program counter, therefore nesting of JMS can occur up to 3 levels (7 levels in 
the 4040). 


Example: (4004) 

No JMS 
received 


JMS *2 
received 


JMS #4 
received 


-§l ack , Stack 




■ 


JMS #1 




Program Counter 

Program Counter 


Return address frl 

Stack 


Stack 



Program Counter 

Program Counter 

JMS #3 

Return address #3 

Return address #2 


Return address #2 

Return address #1 


Return address #1 

Stack 



Return address £4 


Program Counter 

Return address £3 

BBL 

p, received _ ^ 

Return address #3 

Return address #2 


Return address #2 

Program Counter 




The deepest return address i$ lost. 
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JCN (Jump conditional) 

0001 Ci C 2 C 3 C 4 

A 2 a 2 A 2 A 2 At At A 1 A 1 

If C y C 2 C 3 C 4 is true, A 2 A 2 A 2 A 2 -►Pm 

At At A-i Aj ->Pl. p h unchanged 

if Cy C 2 C 3 C 4 is false, 

( p h)“* p h» ( p m)"* p M. (Pl + 2) 

If the designated condition code is true, program control is transferred to the 
instruction located at the 8 bit address A 2 A 2 A 2 A 2 , Aj Ay Ai A] on the same 
page (ROM) where JCN is located. 

If the condition is not true the next instruction in sequence after JCN is executed. 
The condition bits are assigned as follows: 

Ci = 0 Do not invert jump condition 

Ci = 1 Invert jump condition 

C 2 = 1 Jump if the accumulator content is zero 

C 3 = 1 Jump if the carry /I ink content is 1 

C 4 = 1 Jump if test signal (pin 10 on 4004) is zero. 


Cx Condition Table for JCN Instruction 


Cy 

C2 

C3 

C4 

r > 

0 

0 

0 

0 

NO OPERATION 

0 

0 

0 

1 

Jump if test = 0 (High) 

0 

0 

1 

0 

Jump if CY = 1 

0 

0 

1 

1 

Jump if test = 0 or CY = 1 

0 

1 

0 

0 

Jump if AC = 0 

0 

1 

0 

1 

Jump if test = 0 or AC = 0 

0 

1 

1 

0 

Jump if CY = 1 or AC = 0 

0 

1 

1 

1 

Jump if test = 0 or CY = 1 or AC = 0 

1 

0 

0 

0 

Jump Unconditionally 

1 

0 

0 

1 

Jump if test = 1 (Low) 

1 

0 

1 

0 

Jump if CY = 0 

1 

0 

1 

1 

Jump if test = 1 and CY - 0 

1 1 

1 

0 

0 

Jump if AC =A 0 

1 

1 

0 

1 

Jump if test = 1 and AC 0 

1 

1 

1 

0 

Jump if CY = 0 and AC ^ 0 

1 

1 

1 

1 

Jump if test = 1 and CY = 0 and AC ¥= 0 

Example: OPR 


OPA 



0001 


0110 

Jump if accumulator is zero or carry = 1 


Several conditions can be tested simultaneously. 

The logic equation describing the condition for a jump is given below: 

JUMP = C, • ((ACC = 0) • C 2 + (CY = 1) • C 3 + TEST • C 4 ) + 

C-j • ((ACC = 0) • C 2 + (CY = 1 ) • C3 + TEST * C 4 ) 

EXCEPTIONS: If JCN is located on words 254 and 255 of a ROM page, when JCN is executed and 

the condition is true, program control is transferred to the 8 bit address on the next 
page where JCN is located. 


Mnemonic: 

1st word OPR OP A: 
2nd word OPR OPA: 
Symbolic: 


Description: . 
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Mnemonic: 1SZ (Increment index register skip if zero) 

1st word OPR OPA: 0111 RRRR 
2nd word OPR OPA: A 2 A 2 A 2 A 2 Aj At A! At 
• Symbolic: (RRRR) + 1 RRRR, if result = 0 

(Ph)">Ph. (Pm)-^Pm. (Pl + 2)-^P L : 
if result =AQ (P H )-*P H , 

A 2 A 2 A 2 A 2 -► Pm, At At At At -> P\_ 

Description: The content of the designated index register is incremented by 1. The accumulator 

and carry /link are unaffected. If the result is zero, the next instruction after ISZ is 
executed. If the result is different from 0, program control is transferred to the 
instruction located at the 8 bit address A 2 A 2 A 2 A 2 , At A-| At At on the same 
page (ROM) where the ISZ instruction is located. 

EXCEPTIONS: If ISZ is located on words 254 and 255 of a ROM page, when ISZ is executed and 

the result is not zero, program control is transferred to the 8 bit address located on 
the next page in sequence and not on the same page where ISZ is located. 

I 

I 

Mnemonic: FIM (Fetched immediate from ROM) 

1st word OPR OPA: 0010 RRR0 
2nd word OPR OPA: D 2 0 2 D 2 D 2 Dt Dt Dt Dt 
S ymbolic: D 2 D 2 D 2 D 2 RRRO 

Dt Dt Dt Dt -^RRRI 

Description: The 2nd word represents 8 bits of data which are loaded into the designated index 

register pair. 



E. Input/Output Instructions 


The following I/O instructions are described as they relate to ROM and RAM devices. These same instruc- 
tions (mnemonics) can be redefined for devices other than ROM and RAM. 


Mnemonic: 

RDM (Read RAM character) 


OPR OPA: 

1110 1001 


Symbolic: 

(M) -> ACC 

T 

Description: 

The content of the previously selected RAM main memory character is transferred to the 
accumulator. The carry /I ink is unaffected. The 4 bit data in memory is unaffected. 


Mnemonic: 

RDO (Read RAM status character 0) 

. 

OPR OPA: 

1110 1100 


Symbolic: 

(Mso)-*ACC 


Description: 

The 4 bits of status character 0 for the previously selected RAM register are transferred to 
the accumulator. The carry /link and the status character are unaffected. 

» 

Mnemonic: 

RD1 (Read RAM status character 1) 

OPR OPA: 

1110 1101 

j. 

Symbolic: 

(M S1 ) -►ACC 

I 

Mnemonic: 

RD2 (Read RAM status character 2) 

ft 

; t 

OPR OPA: 

1110 1110 

j 

Symbolic: 

(M$2 ) ACC 

1 

) 

r 

Mnemonic: 

RD3 (Read RAM status character 3) 

l 

; 

OPR OPA: 

1110 1111 

1 

T 

Symbolic: 

(Ms3)-+ACC 

1 

1 


Mnemonic: RDR (Read ROM port) 

OPR OPA: 1110 1010 

Symbolic: (ROM input lines) -►ACC 

Description: The data present at the input lines of the previously selected ROM chip is transferred to 

the accumulator. The carry /link is unaffected. 

If the I/O option has both inputs and outputs within the same 4 I/O lines, the user can 
choose to have either "0" or "1" transferred to the accumulator for those I/O pins coded 
as outputs, when an RDR instruction is executed. 

Example: Given a port with I/O coded with 2 inputs and 2 outputs, when RDR is executed the 

transfer is as shown below: 

>3 0 2 O, l 0 (ACC) 

1 X X 0 — k 1 (1 or 0) (l.orO) 0 

\ ft ^ \ ft 

Input Data User can choose 

Mnemonic: WRM (Write accumulator into RAM character) 

OPR OPA: 1110 0000 

Symbolic: (ACC)-^M . ^ 

Description: The accumulator content is written into the previously selected RAM main memory 

, character location. The accumulator and carry /link are unaffected. 


Mnemonic: 

WRO (Write accumulator into RAM status character 0) 

OPR OPA: 

1110 0100 

Symbolic: 

(ACO'+Msq 

Description: 

The content of the accumulator is written into the RAM status character 0 of the 
previously selected RAM register. The accumulator and the carry /link are unaffected. 

Mnemonic: 

WR1 (Write accumulator into RAM status character 1) 

OPR OPA: 

1110 0101 

Symbolic: 

(ACC) -►Ms, 

Mnemonic: 

WR2 (Write accumulator into RAM status character 2) 

OPR OPA: 

1110 0110 

Symbolic: 

(ACC) -+M S2 

Mnemonic: 

WR3 (Write accumulator into RAM status character 3) 

OPR OPA: 

1110 0111 

Symbolic: 

(ACC)-Ms3 

Mnemonic: 

WRR (Write ROM port) 

OPR OPA: 

1110 0010 

Symbolic: 

(ACC) -► ROM output lines 

Description: 

The content of the accumulator is transferred to the ROM output port of the previously 
selected ROM chip. The data is available on the output pins until a new WRR is executed 
on the same chip. The ACC content and carry/link are unaffected. (The LSB bit of the 
accumulator appears on I/Oq.) No operation is performed on I/O lines coded as inputs. 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

WMP (Write memory port) 

1110 0001 

(ACC) -* RAM output register 

The content of the accumulator is transferred to the RAM output port of the previously 
selected RAM chip. The data is available on the output pins until a new WMP is executed 
on the same RAM chip. The content of the ACC and the carry/link are unaffected. (The 

LSB bit of the accumulator appears on Oq, Pin 16, of the 4002.) 

Mnemonic: 
OPR OPA: 

- Symbolic: 
Description: 

ADM (Add from memory with carry) 

1110 1011 

(M) + (ACC) + (CY) -> ACC, CY 

The content of the previously selected RAM main memory character is added to the 
accumulator with carry. The RAM character is unaffected. 

Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

SBM (Subtract from memory with borrow) 

1110 1000 

(M) + (ACC) + (CY) -►ACC, CY 

The content of the previously selected RAM character is subtracted from the accumulator 
with borrow. The RAM character is unaffected. 


F. Accumulator Group Instructions 

Mnemonic: CLB (Clear both) 

OPR OPA: 1111 0000 

Symbolic: * 0-^ACC, 0->CY 

Description: Set accumulator and carry/link to 0. 

Mnemonic: 

CLC (Clear carry) 

OPR OPA: 

1111 0001 

Symbolic: 

0-*CY 

'-Description: 

Set carry/link to 0 

Mnemonic: 

CMC (Complement carry) 

OPR OPA: 

1111 0011 

Symbolic: 

(CY) -►CY 

Description: 

The carry/link content is complemented 

Mnemonic: 

STC (Set carry) 

OPR OPA: 

1111 1010 

Symbolic: 

1 -►CY 

Description: 

Set carry/link to a 1 

Mnemonic: 

CMA (Complement Accumulator) 

OPR OPA: 

1111_ 0100 

Symbolic: 

a 3 a 2 a i a 0 ACC 

Z Description: 

The content of the accumulator is complemented. The carry/link is unaffected. 

Mnemonic: 

IAC (Increment accumulator) 

OPR OPA: 

1111 0010 

| Symbolic: 

(ACC) + 1 -► ACC 

Description: 

The content of the accumulator is incremented by 1. No overflow sets the carYy/link to 0; 
overflow sets the carry/link to a 1 . 




Mnemonic: DAC (decrement accumulator) 

OPR OPA: 1111 1000 

Symbolic: <ACC)-1->ACC 

Description: The content of the accumulator is decremented by 1. A borrow sets the carry /link to 0, 

no borrow sets the carry /link to a 1 . 

Example: 

(ACC) 

I 

83 a2 aj ao 

+) 1111 / 

C 4 S3 S 2 S, So 

♦ 1 — 1 — ■ 

CY ACC 


Mnemonic: 
OPR OPA: 
Symbolic: 

Description: 

RAL (Rotate left) 

1111 0101 

Cq aj -*aj_i, 83 -> CY 

The content of the accumulator and carry /link are rotated left. 

Mnemonic: 

RAR (Rotate right) 

OPR OPA: 

1111 0110 

Symbolic: 

ao~*CY, a; ~*aj_i, C©-*^ 

Description: 

The content of the accumulator and carry /link are rotated right 

Mnemonic: 

TCC (Transmit carry and clear) 

OPR OPA: 

1111 0111 

Symbolic: 

0 -*■ ACC, (CY)->a 0 , 0 -*CY 

Description: 

The accumulator is cleared. The least significant position of the accumulator is set to the 
value of the carry /link. The carry /link is set to 0. 

Mnemonic: 

DAA (Decimal adjust accumulator) 

OPR OPA: 

1111 1011 

Symbolic: 

(ACC) + 0000 -► ACC 


or < 

0110 

Description: 

The accumulator is incremented by 6 if either the carry/link if 1 or if the accumulator 
content is greater than 9. The carry/link is set to a 1 if the result generates a carry, 
otherwise it is unaffected. 

Mnemonic: 

TCS (Transfer carry subtract) 

OPR OPA: 

1111 1001 

Symbolic: 

1001 -►ACC if (CY) = 0 

1010 -* ACC if (CY) » 1 

0 -►CY 

Description: 

The accumulator is set to 9 if the carry/link is 0. 

The accumulator is set to 10 if the carry/link is a 1. 


The carry/link is set to 0. 



Mnemonic: 
OPR OPA: 
Symbolic: 
Description 


KBP (Keyboard process) 

1111 1100 

(ACC) -> KBP ROM ACC 

A code conversion is performed on the accumulator content, from 1 out of n to binary 
code. If the accumulator content has more than one bit on, the accumulator will be set to 
15 (to indicate error). The carry /link is unaffected. The conversion table is shown below. 


(ACC) before KBP 


(ACC) after KBP 


0 0 0 0 
0 0 0 1 
0 0 10 
0 10 0 
10 0 0 
0 0 11 
0 10 1 
0 110 
0 111 
10 0 1 
10 10 
10 11 
110 0 
110 1 
1110 
1111 




0 0 0 0 
0 0 0 1 
0 0 10 

0 0 11 

0 10 0 
1111 
1111 
1111 
1 1.1 1 
1111 
1111 
1111 
1111 
1111 
1111 
1111 


Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 


DCL (Designate command line) 

1111 1101 

aQ-*CMo, a]—* CM], 'a 2 -> CM 2 

The content of the three least significant accumulator bits is transferred to the command 
control register within the CPU. 

This instruction provides RAM bank selection when multiple RAM banks are used. (If no 
DCL instruction is sent out, RAM Bank number zero is automatically selected after 
application of at least one RESET). DCL remains latched until it is changed. 

The selection is made according to the following truth table. 


(ACC) 

CM - RAMj Enabled 

Bank No. 

X 0 0 0 

CM - RAM 0 

Bank 0 

X 0 0 1 

CM - RAM] 

Bank 1 

X 0 1 0 

CM - RAM 2 

Bank 2 

X 1 0 0 

CM - RAM 3 

Bank 31 

X 0 1 1 

CM - RAM 1f CM - RAM 2 

Bank 4 

X 1 0 1 

CM - RAM], CM - RAM 3 

Bank 5 

X 11 0 

CM - RAM 2 ,CM- RAM 3 

Bank 6 

X 1 1 1 

CM - RAM, . CM - RAM 2 , CM - RAM 3 

Bank 7 



DATA G X 2 

Di 


1111 

1111 

1111 

(RRRO) 

1111 

(RRRO) 

(RRRO) 

1111 

(RRRO) 

A 3 

a 3 

*3 

a 3 

(RRRR) 

(RRRR) 

1111 

(RRRR) 

(RRRR) 

(RRRR) 

(RRRR) 

DD DD 

DPDO 

(ACC) 

(ACC) 

(M) or (Input) 

0 0 0 0 

10 0 1 
1111 
0 0 0 0 or 
0 110 

0000 , 0001,0010 

0011,0100.1111 


Figure 1-22. 4004 Data Bus Content During Execution of Each Instruction. 
DATA @ X 2 DATA @ X 3 


INSTRUCTION 


NOP 

JCN 

a 2 . a 1 

FIM RRRO 
D 2 Dt 
SRC RRR1 
FIN RRRO 
2nd cycle 
JIN RRRO 
JUN A3 
A 2 . A i 
JMS A3 

a 2 » a 1 

INC RRRR 
ISZ RRRR 

a 2' a 1 

ADD RRRR 
SUB RRRR 

LD RRRR 

XCH RRRR 

BBL 

LDM 

WRM, WR0.WR1, 

WR2, WR3, 

WPM, WMP, WRR 

RDM. RDO, RD1 , RD2 
RD3, ADM, SBM, RPR 

CLB, CLC, IAC, CMC 
CMA, RAL, PAR, TCC 
TCS 

STC, PAC, DCL 

DAA 


DATA © X 3 
D 3 D 3 D 1 Dp 


1111 

1111 

1111 

(RRR1) 

1111 

(RRR1) 

(RRR1) 

1111 

(RRR1) 

1111 

1111 

1111 

1111 

(RRRR) +1 
(RRRR) +1 

1111 

1111 
1111 
1111 
(ACC) 
1111 
1111 
1 1 1 (CY) 

1 1 1 (CY) 

(M) or (INPUT) 


1 1 1 
1 1 1 
1 1 1 


COMMENTS 


The content of addrees 
pair RRR 


Content of register RRRR; 
Content +1 of RRRR 

Content of register RRR 


Co ntent of register RRRR; the content of ACC 
Data DDDD 

Data DDDD 

Content of accumulator; 

Content of CY F/F is 

present on D 0 _ 

Data fetched from RAM or 

input 


X 2 depends on ACC content 
X 2 depends on ACC content 


INSTRUCTION 

o 3 

d 2 

Di 

C>0 

NOP 

1 

1 

1 

1 

HLT* 

1 

1 

1 

1. 

BBS 


(SRCH) 


LCR 
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REG) 

OR4 


(0100) 


OR5 


(0101) 


AN6 


(01 

10) 


AN7 


(01 
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DB0 

1 

1 

1 

1 

DB1 

1 

1 

1 

1 

SB0 

1 

1 

1 

1 

SB1 

1 

1 

1 

1 

EIN 

1 

1 

1 

1 

DIN 

1 

1 

1 

1 

RPM 


(P. 

M.) 



DATA @ X 3 
D3 D 2 D-j Dq 


COMMENTS 


After execution of HLT, processor enters STOP mode. 
(SRCH) means contents of 4 high order bits of SRC register. 


Program memory content 


Figure 1-23. Summary of 4040 Data Bus Content During Instruction Execution. 


counts 


4 * 


Writing sequences of instructions for a computer is known 
as programming. To be able to program a computer effec- 
tively, the programmer must understand the action of each 
of the machine instructions. (The instruction set of the 
MCS-4Q microcomputer is described in detail in the section.) 

Each machine instruction manipulates data in some way. 
The data may be the contents of the program counter which 
indicates where the next instruction is to be found, the 
contents of one of the QPU registers, accumulator, or carry 
flip-flop, the contents of RAM or ROM, or the signals at a 
port. 

Programming is probably most easily learned by use of 
examples. In the pages that follow, a number of sample 
program segments are described. In general, the examples are 
shown in order of increasing complexity. These examples 
have been chosen to illustrate the use of the I/O ports, basic 
program loops, multiple precision arithmetic, and the use of 
subroutines. When reviewing these examples refer frequently 
to the instruction definitions. 

Example #1 

Consider the case where it is desired to test the status of a 
single switch connected to the CPU (4004 chip) on the test 
input (pin 10). A jump on condition instruction (JCN) can 
be used to perform this test. Suppose the JCN instruction: 
JCN TEST, 16 (2 word instruction) is stored at ROM mem- 
ory locations 2 and 3. The instruction would look as follows: 

OPR OPA 

Ci C 2 C 3 C 4 

Location # 2 0001 ^0 0 0 1 


(That is, the next instruction to be executed would be 
fetched from ROM Memory location 16.) If the switch had 
been connected to a logic "1" (negative voltage) the program 
counter would not jump but would be incremented by 1 and 
hence the instruction in ROM memory location 4 would be 
executed next. Thus the switch status can be tested simply 
with one instruction. Furthermore, if it were desired to jump 
if a test signal equalled a logic "1". the JCN instruction could 
be coded 



OPR 

OPA 



C 1 c 2 c 3 C 4 

Location #2 

0001 

10 0 1 Inverted jump 



^ ►condition 

Location #3 

0001 

0 0 0 0 


In this case the invert condition bit C-| is used to indicate a 
jump is to be made on a logic "1" on the test signal. 

If more switches are required a ROM port may be used as 
shown in the next example. 

Example #2 

Consider the case where it is desired to test the status of a 
switch connected to the port of ROM #2. To make access to 
the port, it is necessary to execute an SRC instruction. The 
SRC instruction utilizes the contents of a pair of registers, 
which must contain the proper numbers to select the desired 
port. Register pairs may be most easily loaded using the FIM 
instruction. 

Thus the sequence 

Mnemonic Description 

;Fetch immediate (direct) from ROM 
data (0010, 0000), to index register 
pair 0. (20H refers to 20 Hexi- 
decimal.) 

;Send the contents of index register 
pair 0 to select a ROM. The first 4 
bits of data sent out at X 2 time 
(0010) select ROM #2 (4001). 


(JCN) (Jump if test 

signal = Logic "0") 

Location #3 0001 0 0 0 0 

(Jump to ROM memory Location 
#16) 

When this instruction is executed, if the switch connects a 
logic "0” (ground) to the test pin of the CPU. the program 
counter in the address register in the CPU will jump to 16. 


FIM 0, 20H 


SRC 0 




>4 

ji 

’t 

I 



RDR 



,-Read the contents of the previously 
selected ROM (ROM #2) input port 
into the accumulator. 


has the effect of loading the accumulator with the* values 
appearing at ROM port #2. Individual bits may be tested by 
shifting them into the carry flip-flop and using a jump on 
condition instruction. In this manner up to 4 switches can be 
interrogated from one set of ROM input ports (4 of them). 



Example #3 

Suppose a series of 10 clock pulses must be generated, 
perhaps to drive the clock line of a 4003 port expander. Let 
us assume that RAM #3 is to be used. The high order 2 bits 
of data sent out at X 2 time during an SRC instruction selects 
the RAM chip. Hence 1100 (binary equivalent of 12) is 
required at X 2 to select RAM #3. 

Since we must select the port on RAM #3 we will require 

FIM 0, 0C0H; 192 

SRC 0 " 

This pair of instructions sets up the desired port for use. To 
generate the clock pulses, we must alternately write a 1 and a 
0 into the appropriate port bit. Let us assume that we will 
only use the high order bit of the port on RAM #3 and that 
it is initially set at zero (so that the program does not have to 
reset it). Furthermore, let us assume that we do not care 
about the other three bits of the port. 

First let us set the accumulator to 0 
LDM 0 ;Set accumulator to 0 

We may then complement the high order bit of the accumu- 
lator by the sequence 

RAL .Rotate left (accumulator and carry) 

CMC .-Complement carry 

RAR .‘Rotate right (accumulator and carry) 

which achieves the operation by shifting the bit into the 
carry flip-flop, complementing it, and shifting it back. 

An alternate way to complement the high order bit is to 
add 8 (binary 1000) to the accumulator. We may set the 


contents of one register, say register 15, to 8 by the 
sequence: 

LDM 8 ;Load data DDDD (1000) to the 
accumulator. 

XCH 15 ,‘Exchange contents of index register 15 
and accumulator 

LDM 0 .Load (0000) to accumulator 


The first instruction loads the binary number 1000 into the 
accumulator and the second places the contents of the 
accumulator into register 15. Since the prior contents of 
register 15 are also placed in the accumulator, an LDM 
instruction is then executed to clear the accumulator. 

Now the operation ADD 15 will add the binary value 
1000 to the accumulator, because Register 15 contains the 
value 8. 

Note the difference in how the LDM and the XCH and 
ADD instructions utilize the second half of the instruction. 
The LDM loads the accumulator with the value carried by 
the instruction, i.e., in binary code LDM 8 appears as 
1101 1000 and loads the accumulator with 1000. However, 

the ADD and XCH select a register, and the contents of the 
register are used as data. That is, ADD 8 would add the 
contents of register 8 to the accumulator, not the value 8. 

To generate the sequence of 10 clock pulses, one could 
repeat the following 4 instructions 10 times. 

ADD 15 ;Add contents of register 15 
(1000 previously stored in 
the register) to accumulator 

WMP ;Write the contents of the 

accumulator into the 
previously selected RAM 
output port 

ADD 15 

WMP 


one clock 

pulse 

generated 



However, this would take some 40 instructions. The indexing 
operation available with the ISZ instruction allows a program 
loop to be repeated 10 times. 

The ISZ instruction increments a selected register. If the 
register initially contained any value other than the value 15 
(binary 1111) the instruction performs a JUMP to an address 
specified by the instruction. This address must be on the 
same page (within the same ROM) as the instruction imme- 
diately following the ISZ. 

If however, the register originally contained 15, the CPU 
will proceed to execute the next instruction in sequence. 

By loading a register, say register 14, with the value 6, on 
the 10th execution of an ISZ, the processor will proceed to 
the next instruction in sequence rather than jump. 

Execution of the ISZ does not affect the accumulator, so 
that the accumulator does not have to be "saved" prior to its 
execution. 

The program sequence which performs the desired action 
is then 



Instruction # 


Address 

Name 


Mnemonic 


OPA 


Description 


(1) 


LDM 

8 

;Load 1000 to accumulator 

(2) 


XCH 

15 

;Exchange contents of index register 15 and accumulator 

(3) 


LDM 

6 

;Load 01 10 to accumulator 

(4) 


XCH 

14 

;Exchange contents of index register 14 and accumulator 

(5) 


FIM 

0 

;Fetch immediate from ROM, Data (1100 0000) to index 



12 , 

0 

.•register pair location 0 

(6) 


SRC 

0 

,-Send address (contents of index register pair 0) to RAM 

(7) 


LDM 

0 

;Set accumulator to 0 

(8) 

-►LOOP 

ADD 

15 

;Add contents of register 15 to accumulator 

(9) 


WMP 


.‘Write contents of accumulator into RAM output ports 

(10) 


ADD 

15 

;Add contents of Register 15 to accumulator 

(11) 


WMP 


;Write contents of accumulator into RAM output ports 

(12) 


IS2 

14.LOOP 

.‘Increment contents of register 14. Go to ROM address 





;A 2 , Ai (called Loop) if result 0, otherwise skip. 


Explanation of Program 

(a) Instruction #1 and #2 - Loads the number 8 (1000) 

into index register number 15 

( 1111 ) 

(b) Instruction #3 and #4 - Loads the number 6 (0110) 

** into index register number 14 

( 1110 ) 

— Fetches the address of the de- 
sired RAM and stores it in an 
index register pair 

— Sends the stored address to the 
RAM bank and selects the 
desired RAM 


(g) Instruction #12 


(c) Instruction #5 


(d) Instruction #6 


(e) Instruction #7 

(f) Instruction #8, 9, 

10, and 11 


- Initializes the accumulator to 

0000. 

- Generates one clock pulse as 
follows: 


Complement of highest order bit of accumula- 
tor and send back to RAM output port 
(Instruction #8 and 9) 


Initial state of RAM 
output port 

Highest order bit of accumulator is comple- 
mented again and sent back to the RAM output 
port (Instructions 10 and 1 1 ) 


— The contents of Register 14 are 
incremented by 1 (0001). The 
number 7 (011 1 ) is now stored 
in register 14. Since this result 
is not equal to zero, program 
control jumps to the address 
specified in the 2nd word of 
this instruction. In this case the 
address stored in the 2nd word 
is the address of instruction 
#8. The program then executes 
the next 4 instructions in 
sequence and generates a 2nd 
clock pulse. This sequence is 
repeated a total of 10 times, 
thus generating 10 clock 
pulses. On the 10th time when 
the contents of register 14 are 
incremented it goes to the 
value 0000 and the program 
skips to the next instruction in 
sequence and gets out of the 
loop. 



Example #4 

Clock pulse streams of the type derived above are often 
used to drive groups of 4003 shift registers. It may often be 
desirable to transfer the contents of a RAM register to a 
group of 4 shift registers via two output ports. 

To operate this system, it is necessary to fetch a character 
from RAM and present it at port #2, then issue the clock 
pulse at port #1. This sequence requires three SRC com- 
mands, one for the RAM selection, one for port #1 selection, 
and one for port #2 selection. 

In addition, the location in RAM must be incremented 
each time to provide selection of the next character. 


RAM port i < 


RAM PORT 2-< 



Figure 2-1. RAM Output Ports Driving Groups of Shift 
Registers 



Figure 2-2. Shift Registers Driving Seven Segment LED 
Displays 

The main loop is then as follows: 

LOOP: 

I 

SRC ,-Send address to selected RAM 

RDM ;Read selected RAM character into 

accumulator 

SRC ;Send address to RAM #2 


WMP 


;Write contents of accumulator (previously 
selected RAM character) into Port #2 

SRC 


,-Send address to RAM #1 

LDM 

0 

,-Set accumulator to "0" 

ADD 

15 


WMP 

15 

.•Generate 1 clock pulse 

ADD 

WMP 



INC 


increment by 1 the contents of the register 


.pair holding the selected RAM address 
ISZ 14, LOOP increment contents of register 1110. 

;Jump if result # 0, otherwise skip. 


The loop above uses 3 pairs of registers for RAM and port 
selection, and two registers for temporary storage and index- 
ing. The initialization must provide for loading each of these 
registers. 


Example #5 

The example above might be extended if for example, the 
4003'$ were driving seven segment LED displays: A 4 line to 
7 segment code converter could be used for each display 
device driven. However, the ROM table lookup capability of 
the 4040 can be utilized to advantage to save these con- 
verters. Suppose the LED displays are wired as shown with 
each LED using two adjacent locations in each of the 4003's. 

The instruction FIN allows a ROM table to be accessed 
based on the contents of registers 0 and 1. To save register 
space, the fetched data may be loaded over the table ad- 
dresses. The table address may be initialized by an FIM or by 
the sequence 

LDM 

XCH 

where the data in the LDM represents the high-order 4 bits of 
the table address. The low order 4 bits will be derived from 
the data character itself. 

The main loop now becomes as follows: 


FIM 0,DBGH 

.‘initial table address 

SRC 

.“fetch data character 

RDM 

;Read into ACC 

XCH 1 

,-store at register 1 

FIN 0 

,-fetch from ROM table 

SRC 

Select output port 

XCH 0 

.■fetch 1st half of 7 segments 

WMP 

.transfer to output port 

SRC 

Select clock port 

LDM 0 

,-Set accumulator to “0" 

ADD 15 


WMP 


ADD 15 

- .generate one clock pulse 

WMP J 


SRC 

select output port 

XCH 1 

transfer 2nd half of display 

WMP 

transfer to output port 

SRC 

select clock port 

LDM 0 

.Set accumulator to "0" 


9-V 







AOD 

WMP 

ADD 

WMP 

INC 

ISZ 


15 

15 

14 


H ;generate one clock pulse 


;set next RAM character 
,test for no. of characters 


Note that two data characters (8 bits) are transferred for 
each digit to be displayed. 

This loop must be initialized by setting the registers to 
their initial conditions. The following sequence of 4 instruc- 
tions is sufficient*. 


FIM* 

FIM 

FIM 

FIM 


select RAM register for display 
initialize clock port selector 
initialize output port selector 
initialize no. of digits and set reg. 

’Operands are device dependent. 


Example #6 

Proceeding with the example outlined above, suppose that 
the user finds it necessary to display the contents of, a 
number of different RAM registers, at different places in the 
program. The sequence of instructions could be used when- 
ever this was necessary. However, by making the entire 
sequence a "subroutine", the user can call out the sequence 
each time it's needed with only a JMS instruction. 

The JMS utilizes the address push down stack. When a 
JMS is executed, the program counter is pushed up one level 
and is reloaded with the address to which the jump to take 
Place, and execution will proceed from this new location. 
However, before the program counter is reloaded, the old 
value is saved in ^the "stack." This stack operates as 
follows: 

1. Each time a JMS is executed, all addresses saved in the 
stack are pushed down 1 level. The last value of the 
program counter is loaded into the top of the stack, 
the program counter value corresponds to the instruc- 
tion immediately following the JMS. 

2. The BBL (BBS in the 4040) instruction raises every 

entry in the stack one level, with the top value in the 
stack entering the program counter. — 

^ example shown, if the RAM register to be transferred 
the display is different in different parts of the program, 
** FlM which selects the RAM register should not be made 
of the subroutine. The subroutine would then include 
** three FIM instructions followed by the main loop and 
** r minated by the BBL or BBS. 

To display any register from any point in the program, the 
0r °9rammer need use only 4 bytes of ROM: 

FIM Reg Pair. Date (Byte) 

JMS 

FIM selects the register and the JMS calls the subroutine. 


i 

Example #7 

t 

Storing and Fetching a floating point decimal number in the 
4002 RAM (How to use the Status and Main Memory 
Characters in the 4002 RAM) } 

The 4002 RAM has 4 registers, each with twenty 4 bit 
characters subdivided into 16 main memory characters and 4 
status characters. (320 bits total.) Each register is capable of 
storing a 20 digit, unsigned, fixed point, binary-coded 
decimal (BCD) number. A more practical use for the 
register is the storage of a signed, floating point, BCD 
number having a 16 digit mantissa (fraction) and a 2 digit 
exponent. 

Consider the number 

+ .13729941 57387406 [ x 1(T|> 

Mantissa (16 digits) Exponent (2 digits) 

Storage is required for both the sign of the mantissa (in this 
case positive) and the sign of the exponent (in this case 
negative), 16 digits of mantissa and 2 digits of exponent. The 
4 status characters of the register can be used to hold the 
signs (in this case a "1" represents minus — this definition is 
completely arbitrary and is completely up to the user) and 
the 2 digit exponent. The 16 main memory characters are 
used to hold the 16 digit mantissa. 

For example, let's store the previously shown number in 
Bank #2, Chip number #3, register #1. It would be stored in 
the 4002 as follows: 



Register #1 


Decimal digit - 6 

0 

1 

1 

0 

Decimal digit - 0 

0 

0 

0 

0 

Decimal digit — 4 

0 

1 

0 

0 

Decimal digit - 7 

0 

1 

1 

1 

Decimal digit - 8 

1 

0 

0 

0 

Decimal digit — 3 

0 

0 

1 

1 

Decimal digit — 7 

O 

1 

1 

1 

Decimal digit - 5 

O 

1 

0 

1 

Decimal digit — 1 

0 

0 

0 

I 

Decimal digit - 4 

0 

1 

0 

0 

Decimal digit - 9 

1 

0 

0 

1 

Decimal digit - 9 

1 

0 

0 

1 

Decimal digit - 2 

0 

0 

1 

0 

Decimal digit — 7 

0 

1 

1 

1 

Decimal digit - 3 

0 

0 

1 

1 

Decimal digit — 1 

0 

0 

0 

1 

Exponent Value 

59 

1 

0 

0 

1 


0 

1 

0 

1 

Exponent Sign - Nag. 

a 

0 

0 

1 

Mamma Sign - Poe. 

0 

0 

0 

0 


0 

1 

2 

3 

4 

5 
8 

7 

8 
9 

10 

11 

12 

13 

14 

15 

0 

1 
2 


Mam 
Memory 
Character * 


Statu i 
Character * 


! 



i 

i ! 


3 


The following instructions would be used to fetch char 
acter #6. the signs, and exponent value: 



Mnemonic 

Machine 

OPR 

Language 

OPA 

f 

”ldm 

2 

1101 

0010 

Select Bank #2 -A 

JDCL 


1111 

1101 


~FIM 

4 

0010 

1000 


13. 

6 

11 01 

,0110, 

Select 


Register #1 
y Chip #3 

2 

ft 

3 

% i 

Chip #3, Register #1 

Character *6 

JSRC 

4 

0010 

o 

y 

ft 

m 

8 

5 

1001 

Fetch the Mantissa sign 

~RD3 


1110 

mi 

From status Character #3 

to Register #10 in the 

CPU 

XCH 

10 

1011 

1010 

Fetch the exponent sign 

~RD2 


1110 

1110 

From status Character #2 

XCH 

11 

1011 

1011 

to Register #11 in the 

CPU 

Fetch the exponent from 

RD1 

- 

1110 

1101 

status Character #1 and #0 

SCH 

12 

ion 

1100 

to Register =*12 and 

RDO 


1110 

1100 

#13 respectively 

SCH 

13 

1011 

1101 

Fetch the previously 

~RDM 


1110 

1001 

selected main memory 

Character =6 (which 

stored the decimal digit 7 

to the accumulator 

- 





Example #8 — Interpretive Mode 

Interpretive mode programming may be used to reduce 
the amount of ROM required to implement a particular 
system function- In this mode, data words fetched from 
ROM or RAM are treated as instructions of a computer 
which might be quite different than the MCS-40 1 * micro- 
computer. The MCS-40 program "interprets" the data, using 
it to call appropriate subroutines which simulate the instruc- 
tions of the different computer. In effect another computer 
architecture is simulated. 

In the interpretive mode, the instructions of the simulated 
computer (pseudo instructions) may be derived from RAM 
or ROM. The instructions are fetched from RAM via the 
normal RAM operations (SRC, RDM), using a simulated 
program counter to maintain the address. The JIN instruc- 
tion is often useful for interpreting the fetched instruction. 
(Address for the JIN is computed from the'fetched pseudo 


instruction. Each address value is the location of a JMP, or 
JMS to an appropriate routine, or the routine itself.) 

When fetching pseudo instructions from ROM. the FIN is 
used. As the FIN instruction must be located on the same 
ROM chip as the fetched data, one cannot use all 256 8 bit 
bytes of a ROM for pseudo instructions. It is sufficient to 
allow an FIN followed by a BBL on the ROM chip. Thus up 
to 254 bytes of each ROM chip can be used for pseudo 
instructions. The simulated program counter must corre- 
spond to this address structure. If the FIN and BBL instruc- 
tions are located in the first two locations of the ROM chip, 
the 254 step program address counter can be implemented 
by initializing the chip address to location 2 rather than 
location 0. If the interpretive mode program exceeds 254 
bytes, the program control routine must determine the 
proper chip to find the next pseudo instruction. The instruc- 
tion is then fetched by a JMS to address 0 of the appropriate 
chip. Refer to the Programmer's Manual for further details. 

Example #9 — Interrupt Routine (4040) 

The Interrupt signal, when armed and activated, causes 
the CPU to suspend normal program execution. The CPU is 
forced to execute a predetermined Interrupt subroutine 
starting from location 003. At the completion of the Inter- 
rupt routine, the CPU is returned to the normal program 
execution with a BBS instruction. 

The Interrupt utilizes the address push down stack. When 
an Interrupt is executed, the program counter is pushed up 
one level and is reloaded with address 003. Execution will 
proceed from this location. The location may contain Jump 
(JIN, JUN) which allows the user to place the Interrupt 
routine anywhere in memory. A stack level should always be 
reserved for the interrupts to avoid overflowing the stack. 

Since the Interrupt forces the CPU out of the normal 
instruction sequence, the state of the CPU's internal register 
values must be preserved and restored prior to returning from 
the Interrupt routine. The SRC and the Index Register Bank 
will automatically be saved. The designer should store the 
value of the accumulator and carry flip-flop , command 
register , current ROM bank, and index registers that will be 
used during the Interrupt execution. 

The MCS-40 system has three groups of eight index regis- 
ters organized into two banks. Registers 8-15 are common to 
both. Bank 0, Register 0-7 can be designated for normal 
program execution while Bank 1, Register 0-7 can be desig- 
nated for interrupt execution. The designer need only switch 
banks to save the first seven register values. These will be 
restored automatically with the BBS. 

The following is an example of a typical Interrupt sub- 
routine. It illustrates entering and exiting the Interrupt 
routine, determining an Interrupt source from multiple 
requests and then directing the Interrupt routine to service 
the interrupting device. 

The programmer must first enable the CPU to accept an 
Interrupt. This is done by executing thp EIN instruction. 
When an Interrupt occurs, the program counter is forced to 
location 003 in whichever ROM bank it is executing. 


Label 

Code 

Operand 

Comment 

RAL 

Interrupt occurs 




003 

JUN 

INTR 

.‘Branch to Interrupt 


INTR 

SB0 


Switch to Bank 0 

FIM 


XCH 

5 

.■Store accumulator (Acc) in 
Register (Reg) 5 

CLC 

ADD 


TCC 


.‘Place carry (CY) in Acc 
(a3 bit position) 

XCH 


XCH 

6 

v , Store carry in Reg 6 


LCR 


.‘Load command Reg (CR) 
into Acc 

ADD 


XCH 

7 

;Store CR in Reg 7 

• 


SB! 


iSwitch to Bank 1. This bank 

XCH 




could typically be used for 
Interrupt work registers while 

JIN 


Bank 0 could be established 
for normal program 
execution. This is an 
arbitrary definition. 

.‘Interrupt vector table 

.'Eight branches, one for each 
possible source 


.When T • • ■ 

hed up * Ts+ 7 JUN 17 

on will F 
i Jump ? 

iterrupt Assume there are eight sources of Interrupt. The Interrupt is 
ways be ' * common line such that one or more sources can Interrupt 
ack. r ^ultaneously. The Interrupt Acknowledge should be daisy- 
normal * Earned so that only one device will respond to the Interrupt, 
register * ^his is one technique for arbitrating simultaneous interrupt 
ng from * Quests. 

ter Bank ® us further assume that each of the eight sources has a 

tore the * ^ hit binary address. The interrupting device \fvill place this 
ommand ^ ^^ess on ROM 2 (4308) Port 3. This port is designated an 
it will be " ‘ n P u t, common to all Interrupt sources. 

ft The program will interrogate the above port, taking the 
dex regis " * dc,re « of the interrupting device and adding it to a table of 
mmon to F (TS) instructions. The resulting source will cause the 
>r normal F to vector a unique routine to service the particular 

be desig- ^ * nte| Tupting source of interest. 

My switch 

se will he - 
ft Operand Comment 

rrupt sub- ^ 0.176 .-Load 1011,0000 into the index register 

Interrupt ^ pair 0 (ROM 2. Port 3) 

' mult ‘ P % S *C o .-Select ROM 2, Port 3 for I/O transfer 


Operand 

0.176 


I to **"' iee |R 0n 

> accept a* 1 
instruction ^ 
is forced t c . 

I** 


Comment 

.-Load 1011,0000 into the index register 
pair 0 (ROM 2. Port 3) 

.■Select ROM 2. Port 3 for I/O transfer 

;Read in the 3 bit address to Acc. This 
address will be multiplied by 2 and 
added to JS. The result will access the 
JUN of interest. 


After 

initiated 

previous 


."Shift content of Acc toward MSB posi- 
tion (multiple by 2) will allow the T5 
table to be accessed by 2 (JUN being 2 
bytes) on even boundaries. 

;Fetch table starting address 
;Clear Carry 

;This adds the least significant nibble of 
TS to the source address. 

.-This stores the partial sum in Register 1 
and loads zero into Acc. 

;This adds any previously generated 
carry into the most significant nibble 
position of TS. 

.•Stores the results in Register 0. The 
indirect address has been accumulated. 

.-Indirect jump to a table location. 


the unique source interrupt routine has been 
. a return must be generated. Prior to the return, the 
state of the CPU must be restored. 

;Switch Bank 0 

7 ;Read back command register value 

;Shift a 3 (CM-ROM) bit into CY. 

$+2 ;Jump if CY is zero, hence select DB0 

(CM-ROMq), otherwise switch banks to 
DB1 (CM-ROM). 

.-Select CM-ROM. 

.-Shift back. 

;Load command register. 

6 ;Fetch carry. 

.•Restore carry. 

5 .‘Fetch accumulator. 

;The program counter is restored to the 
value prior to the interrupt. The SRC is 
restored to the current PCL selection. 
The index register bank selection is 
restored. The Interrupt Acknowledge 
line is cleared. 


•These instruction! may be omitted if only one ROM bank is being 
used. 

The above example assumes that index registers did not 
contain information to be preserved before or after the Inter- 
rupt. If index registers are to be saved, they would be saved 
in RAM or protected index register zones. This is program 
dependent. 
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OsVECTR =258 
0: 

Os/ PINBALL EXECUTIVE 
Os / 

Os LDM 12 /SET GAME OVER AND BACKGROUND ON 
1 ; XCH 

2 s PIN3AL LDM 0 /TURN LEDS OFF 

3 8 JMS RPOOP ✓ y - 

r~ - 1 tow e ■ TO O r- r -v t r%n v -r s> i-t — 1-2//?^ & / ' ° 


ycH 

fxrn 

sft c *f 


f c ' /ft? 


vfifL' 1 /;> 


5-s-L^ M 6 / P O S I T I ON — X- TO ° / '* 

6: JMS IXOP+2 y 
8 : VRR ✓ 

9s JT Z *//VAIT FOR 120 HZ PULSE 
1 1 : LD 1 A VENABLE FLIPPERS IF BALL COUNT >0 



& 

V 


\ 


\ 

X i ft 


|4 

- 

t v 0 .1 

I 

O 


LDM 1 /teTst AND SET PHASE 

VRR 

CLB 

JTZ *+3 v 
I AC « 

XCH A 

FIM 1P,8 /RESET X,Y*" 


Z r/ S 


o 


/sy*>c 7* 


X£ 2- * u 


28s LD A /TEST PHASE / 

29s RAR ✓ 

30s LD 7 / 

31 s JCO *43 y 
33 : LD 9 

3 A : VRR '/OUTPUT FIRST A LIGHTS 
35: LDM 15 v 

36 s JMS RPQ DP ^/ENA BLE ROM 0 
38s LD 6^ 

39s JCO *+3/ 

A 1 s LD 8 / 

A2 s VRR "/OUTPUT LAST A LIGHTS 

A3 s tBH— 

AA: JMS RPOOP^/ENABLE ROM 0 


ll >/> 1 C? 


/ J 


^ /aJArr 


t ^ ^ / Potrncf) ^7t> 


A 8 s LD 13/ 


*~D/V\ i - / 

<TfA 6 XX <pP^ ~L- 


51 < JMS RPOOPVTURN ON LED A SCORE 10>000 

53: JMS DLY '-'/DELAY FOR LIGHT 

55s LDM 5 "/TEST OUT HOLE 

56: VRR 

57 s JTZ PB \ y 

59 j CLB /RESET RA 1-3, GTB 

60 J XCH_2^ 

61 T LD lA-^iEST BALL COUNT ' 


£> y * -/rt-ir- Prf-e.r' 

* - 

a-T 


6 A i LD 8 V 

65 : RAR «/ . . . 

66t JCE **6 /TEST SHOOT AGAIN 
lV /INCREMENT BALL COUNT 

t ?_ *— PJ- C S ;y R ES ET S HOOT AGAIN 


1 U>M. S’ y 




WO. IT / 


// / 1 ( %•/ 


K C-TL : 


i t\c u I', c 

Zl^s ->*©£ 

;c.C- /JcT 


pr: * t 


OsVECTR =258 
0: 

O:/ PINBALL EXECUTIVE 
t>s/ 

O': LDM 12 /SET GAME OVER AND BACKGROUND ON 

1 : XCH ^ — 

2 : PINBAL LDM 0 > 

3s JMS RPOOP ✓ 


6s JMS IX0P+2 ,/ 

8 s VRR ✓ 

9s JTZ *//VAIT F 
11: LD 1 A VENABLE 


17: LDM 1 /te:st A 
1 8 s VRR 
^s CLB 

. JTZ *+3 ^ 

I AC v S > 

o . vr u 


23: XCH A 
24: FIM 


£T X, Y - 


. PHASE ^ 


jRR ''/OUTPUT FIRST 4 LIGHTS 
^ p.DM 15 v 

/JMS RPO PP y /ENABLE ROM 0 
LD 6 y 
i JCO *♦3'/ 

J LD 8 ^ 

*2: VRR V OUT PUT LAST 4 LIGHTS 

43: L-9 M 4 W 

44: JMS RPOOP- /ENABLE ROM 0 


*>/» i/J 


/TURN ON L 
ELAY FOR L 
T OUT HOLE 


RE 10,000 


,i< //er fit*'*"’ 7 ' 

s' s „ - / J 

** />/4 ■ /seucr^-'' 1 ■ 


fXflO ° V 

£./ec of 


V 7* 

.u 


"jjA 


~b/>7 /T x 


I Lj>iVl O 

ka-g 

Lb rw g 

I ° j 

-r-r a o, ^ . 


11 ** V 


r*\ i «r* 
y^tp o 


/jy^r 72> 


» ©, *r U 


t>/M C? 


l^b/rt O 


l ~- b /W 


P' ✓ 

SuJA/'T f'ofiL A. HT 

^ «T ^ / ftirncA Xt» ~T 


£> y * -/ rwr jVe? 

* - 


cpA ' f" & 
, u>m. r ^ 
U3/LE-^ 


Cire* 

Lsig 

f/i.lfr, 


Gy A'-ciO 


I 







' VJ i 


n ML> 


7 1 

s XCH 8 


“ • • 

no 

S LD 14 /DECREMENT BALL 

COUNT 

73 

: DAC 



74 

s XCH 14^ 



75 

s JAZ CH3 



77 

tOHg JMS SOLEN /OUTPUT 

OUT HOLE KICKER 

[ 79 " 

: XCH 0 



\R0 

: JTj!L-#rrr 

-* 

O-T/O Jfc- 

\8> 

r'Tsz n ,*_-2 



84 

: JUN PINBAL 



86 

s 0H3 LDM 4 /TEST MATCH 

ENABLE 

87 

S VRR 




LD 


1/ 


7> 


/GET MATCH VALUE 


IF A MATCH 


88 s JTZ SGO 
90s JMS MATCH 
92s CLC 

93: LD 0 /TEST 
94 : SUB 10 
95: JAN SGO 

97s JMS GMINC /INCREMENT GAME COUNT 
99 s SG 0 LD 8 /SET GAME OVER LIGHT ON 
JMS SB2 
LD 0 
XCH 8 
JUN PB1 

wrtm 



/CONTINUE 
— TTE-ST 


PROCESSING 
S T AR T SWI T CH ""' 


ts— /START a new game 



<j>HL 


y 


L 


15 '/DECREMENT 
7 VTEST 5BALL 


GAMES REMAINING 
SWITCH 


3 

*♦3 „ 

5 

14 /SET BALLS REMAINING 
3P,0' /RESET REGISTER DATA 


126 

128 

130 

131 

132 
134 
135s 
136: 
138: 
139: 
141 s 
1 42 t 
1 44-: 
1 45 < 
1 47 s 
1 48: 
150: 
151 * 
152: 
154: 
155: 
156: 
158: 
160* 
16! * 
1 *9 • 


•F -fM 1 




c-t 


tr r 


5P,0 ^ 
6P,0 


B 

B LED TEST SWITCHES INCREMENT 
LED C TEST SWITCHES INCREMENT 


FIM 
FIM 

LDM 5 /SET ROM PORT TO OUT HOLE KICKER 
VRR ~ 

JUN. 0H2 

P91 CL 8 /GET ON WITH IT 
XCH 4 /RESET HIT COUNT 
JMS IXOP "/POSITION X TO 
LD 12 ^ 

JMS LOOP ^/OUTPUT 
LD It ' 

JMS LOOP /OUTPUT 
LD 1 « 

JMS LitP /OUTPUT LED D TEST SWITCHES INCREMENT 
LD 14 

JMS RP0OP /OUTPUT LED E 

WRB _ _ 

LD 4 / TEST HIT COUNT - 

JAZ *+6 ^ - . . 

CLB j/RESET MISS COUNT 
XCH 5 . 

JUN 
ISZ 
LDM 
XCH 
7. 


-> - 


X 

\ 

X 


I 

I - 
4. 


♦ ♦6 
5* *+4 
15 * . 

•A- 


/increment miss count 




l-t 






/TMM' 3 AC KG HOUND OFF 


"1^5-rTlDM 
186: TOR 


LD ' 8 
RAL 
CLC 
RAR 
XCH 8 
CLB 

JUN *+11 

LDM 1 /TEST TILT 
VRR 

JTZ *+11 

LD 8 /TURN TILT ON 
JMS SB 1 
LD 0 
XCH 8 

CLB /SET BALL COUNT = 0 
XCH 1 A 

JUN SGO /SET GAME 
6 /TEST IP 



LIGHTS 
X TO F 


~JMS DLY /DELAY FOR 
JMS IXOP /POSITION 
LD 15 
CLC 
DAA 
XCH 4 
TCC 
JMS 
JMS 
JMS 
LD 4 

JMS RPOOP /OUTPUT LED G GAMES 
JMS DLY /DELAY FOR LIGHTS 

«J M 5 — IXOP 'T P - 05 IT I TO— 

LD 14 /TEST BALL COUNT FOR MATCH 
~ JAZ *+&*$** 


* 

7 / 3^ 

/0 

*r ‘ " 

rtar?oC 
<5 m r^c 


RPOOP /OUTPUT LED F GAMES REMAINING 10 
DLY /DELAY FOR LIGHTS 
IXOP /POSITION X TO G 


REMAINING 1 


Ll>0 5 8 


/Zs, 77 1 K r& 


J fATCH 


'f 


4 


22 9: JMS^ 

231 : LD 0 

232: JMS RPOOP /OUTPUT LED H MATCH TENS 
234: JMS DLY /DELAY FOR LIGHTS 

£3 6-i--JOfI-F*INBAL / G O - RDU NI>~ AG A I N~er 

238:/ X COORDINATE OUTPUT ROUTINE 

23 5*/ 

238*IX0P INC 2 /ENTRY HERE FOR X COORD 
239i- LD 2 

240r VRR /ENTRY HERE FOR X COORD IN ACC 
241 : LDM 1 , v \ 

242, DCL i *>>• ' ;* . .. •' 

243 : JUN URET ~ 

^AS:/ KNOCKER AND CHIME OUTPUT ROUTINE 
245*/ 

2 4 5 : KC H VRR /OUTPUT ACC TO DECODER 
246* LDM 2 

247* DCL /CLOCK DECODER 

248* JUN URET ' . . 

lll\' *™*/i»CaZMZKT ROUTINE 


0-/9 * -i~V 

-TW* T^P - 


, ^ r> ? 

J> t \ f c - 




/ 


INCREMENT 

% 


1 

i - 




• JV 


3 /OUTPUT KNOCKER 
KCH 


520 : LRET 
522: LDM 


2Sb:'Gf'TNS ISZ 1 5 , * +4 /INCREMENT GAME CO. 

252: LDM 15 
2*3 : XCH 15 

25/i : LDM 3 /OUTPUT KNOCKER 

2*5: JMS KCH 

2^7; BBL 0 

255: =5 1 2 

512:/ 

512:/ SWITCH TEST LOGIC LOOP 
512:/ 

5 1 2 : LOOP JMS RPOOP ,> 

5U: LD 3 
515: VRR 

5 1 6 1 J TZ *+4 /TEST SWITCH 

518: JUN VECTR /VECTOR TO SERVICE R0UTI1 

520 : LRET ISZ 3,L00P+2 

522: LDM 8 /RESET Y 

523: XCH 3 

524: JMS DLY /DELAY FOR LIGHTS 
526: JMS IXOP 
528: BBL 0 /RETURN 
529:/ ROM PORT 0 OUTPUT ROUTINE 
52 9 : / 

529 : RPOOP FIM OP, 0 /SELECT ROM 0 
531 : SRC OP 

532: VRR /OUTPUT ACC TO PORT 
533: FIM OP, 16 /SELECT ROM I 
535: SRC OP 
<__536: BBL 0 /RETURN 

537:/ DELAY ROUTINE - “2-^ 

537:/ ' ~~ 

537 : DLY FIM 0PXg5CT/DELAY 1/2 MS 
539: ISZ 0,# 

541 : ISZ 1,* 

543: BBL 0 

544:/ SCORE MATCH ROUTINE 
544:/ 

544 : MATCH CLC /GET A TENS DIGIT MATCH 

545: LD 11 

546: ADD 12 

547: ADD 13 

548: CLC 

549: DAA 

550: XCH 0 

551 : BBL 0 

552:/ SET BIT ROUTINES 
552:/ 

552 : SB 1 RAR /SET BIT 1 
553: RAR 
554: STC 

555: RAL • ~ 

556: RAL 
557 i XCH 0 
55 8.: BBL 0 

559 : S32 RAL /SET BIT 2 
560: RAL 
561 : STC ' 


/DELAY 1/2 MS 


TENS DIGIT MATCH 


553 : 

554 : 

555 : 
556: 
557 /: 
558: 


561: STC ' 

562 : RAR '* .* *. 1 . 

563: RAR , ! \ 

564: XCH 0 
565: BBL 0 

566:/ SOLENOID OUTPUT ROUTINE 
566 : SOLEN LDM 4 /ISSUE DCL 3-0 
567 : DCL 

568 : URET ' ' • /. 

569: DCL 


T ¥ 


u - % 


Oj =258 ' 

258 STABLE =488 
258:LRET =520 
258 : S OLEN =566 
258 : SB 1 =552 
258 : SB2 =559 
258 : GMINC =250 
2 5 8 : KC H =245 
258: IXOP =238 

258 : /SV ITCH SERVICE VECTOR ROUTINE 
258;/ 

•25-8~ : VEC T R ~~ INC 4 /INCREMENT HIT COUN 


v/ec.r£ 



r® 

\ GX 


259: 
260: 
261 : 
^62-t- 

264: 
266: 
267; 
268: 
269: 
271 : 
272: 
273: 
274: 
275: 
276: 
277: 
279: 
280: 
281 : 
282: 
284: 
285: 
287: 
288: 


/TEST MISS COUNT FOR NEW SVITCH 


/CAME O fcfr-5i?*TTC rr< - 


vA 

0X1 ^ 


L0> 8 

u y 

xrc 4> 
cru ^ 

HAl 

ora ^ 
300 d 


i.trr 


/V 

TILT* 




•*■4 


Ar 4^ 

|_£.^ r 

'f /utL(~*+>T 


u/ 


C.u+jr' 


LD 5 
CLC 
RAR 

-J A - Z -L R -E T - 

FIM OP* TABLE /GET JUMP TABLE START ADDRESS 
LD -2 /ADD LEAST SIGNIFICANT PART OF OFFSET 
RAR 

LD 3A- 
JCZ *+5 
RAL 
CLC 
RAR 
CLC 
ADD 1 
XCH 1 
JCZ *43 
INC 0 

LD 2 /ADD MOST SIGNIFICANT PART OF OFFSET 
RAR 

JCZ *+6 * 

RAR p-0O oP 

JCZ *43 

I N C 

JIN OP /JUMP 


6 


J 




TO SERVICE ROUTINE 
289 : /SV I TCH SERVICE ROUTINES 
289:/ / 

289 : SSHOT JMS SOLEN /SLING SHOTS 
291 : JUN SCT 

293 : TBUMP JMS SOLEN /THUMPER BUMPERS 
295: LD 3 /TEST IF GREEN OR YELLOW 
296: RAR 

2^ 7: JC 0 — SCT = 3 

299: LD 9 /TEST POINT VALUE OF GTB 
300: RAL 
301: JCO 
303 : JUN 
3055 E LD 
3065 RAR 
3074 
3 08: 

309: 

310: 


<$. scM 


/ 



ROLL OVER 


7 

SCH 
7 /L 
SB! 


R0L1- OVER 


STC 
RAL 
XCH 
JUN 
3 1 2 :L LD 
313: JMS 
315: ID 0 

316? JUN E44 - * 

318:T LD 7 /T ROLL OVER 
3 19: JMS SB2 _v, > 

321 t LD 0 

322? JUN - 

32^4-07— ^^ tC n ROLL 




7 • *; * ■ - ' *• 

^XCH _ _6 J 

LD 9 /SET GTB 
RAL 


V:V. 


JUN SCK 


336 sR LD 6 
337: RAR 
338: STC 
339 : RAL 

342 i 02 LD 
343: RAL 
344: STC 
L 345: 


/R ROLL OVER 


/02 R01 


#2-, 


349: 

350: 


JON E + 4 

irrrci ITT 
RAR 
STC 


/MUSHROOM 


^ .v 

CTMfO 4 1 ^ 

i.2> £ 

j-rfi, re / / 

i_fc 6 

xc» i> 

_O-y,0 SCA __ 


351 J RAL 
"358: XCH 9 
353s JUN SCK 
355 :MR2 LD 9 /MUSHROOM 2 
356: JMS SB I 
358: LD 0 
359: XCH 9 
360: JUN SCH 
362 :MR3 LD 9 /MUSHROOM 3 
363: JMS SB2 
365: LD 0 
366: JUN MR 1+4 
368 :RA1 LD 9 /RIGHT ALLEY 1 
369: RAR 
370: JCO SCK 
372: JUN SCH 

374 : RA2 LD 9 /RIGHT ALLEY 2 

375: RAR 

376: JUN RA1+1 

378 :RA3 LD 9 /RIGHT ALLEY 3 

379: RAR 

380: JUN RA2+1 

3 82: RA4 LD 9 /RIGHT ALLEY RESET 

383: RAL 

384: LDM 0 

385: RAR 

386: XCH 9 


387: JUN LRET 
389: XTRA LD 6 / 
390: RAL 
391 : RAL 
392: JC Z SCK 
394: LD 8 
3 95 V RAR 
396: STC 
397: RAL 
398: XCH 8 
399: JUN SCK 
401 : SPEC LD 6 
402: RAL 
403: JCZ SCK ' 
405: JMS GMINC 
407 1 JUN SCf£ * 
409:/ SCOJ^RO 
409: / 


/EXTRA ROLL OVER 


/SPECIAL ROLL OVER 


OOTINES v. 


• \ * 


409 

410: 
412: 
413: 

4 14: 
416: 
417: 
418: 
420 : 
42 1 : 
423 : 
424: 
425: 
427: 
428: 
429 : 
430: 
432: 
433: 
434 : 
436: 
437: 
438: 
439: 
440: 

441 : 

442 : 
444 : 
446 : 


pT G H 1 Mt 


SPECIAL 


SCT LDM 0 /OUTPUT 10 
JMS KCH 

LD 7 /TEST FOR EXTRA A 
CMA 

JAN *+24 
LD 6 
RAR 

JCZ *+20 
RAR 

JCZ *+17 

LD 10 /TEST EVEN ODD TENS DIGIT 
RAR 

JCZ *+l 1 

LD 8 /TEST SHOOT AGAIN 
RAR 

3 

*+3 
7 
6 

*♦4 
1 1 
6 

10 /INCREMENT SCORE 


-rt* - 


LDM 
JCO 
LDM 
XCH 
JON 
LDM 
XCH 
LD 
I AC 
DAA 
XCH 
JCO 
JON 


10 

SCH+3 

LRET 


446 : SCH LDM 1 /OUTPOT 100 PT CHIME 
447: JMS KCH 

449: LD 11 /INCREMENT SCORE 
450: I AC 
451 : DAA . . 

452: XCH 11 \ 

453: JCO SCK+3 
455: JON LRET 
457:/ 

457 : SCK LDM 2 /OOTPOT 1*000 PT CHIME 
458: JMS KCH 

LD 12 /INCREMENT SCORE 
I AC 

DAA ^ 

XCH 12 
*JC-£ 



y 



-v- 


i ii 


r&OO- 


ruriTT -X K&T— rR g - C PL AY»f 


Ub 1 5 

XA C 
X>A-A " 
15 


Pt&rT'' 

PcA^/ 



LDM 
JMS 
JTZ 
JMS 
JMS 
JON 
*4 88 
O+SSHOT 
O+SSHOT 
O+TBUMP 
O+TBUMP 
0+TBJ3HP 


r KcH- - 

o' 



o' 

t 


* crc 

4, 

' 

/LOOK 

at free play switches 1 

r Lb 0 


1 

1 u^eK-» 


GMINC /FREE PL-AY 
IXOP+1 /RETURN X 
LRET 5 . 


/Y=0 -7 X=B 
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AFFIDAVIT OF GREGORY COX 


Gregory Cox, being duly sworn, deposes and states as follows: 

1. I am currently employed by Kuras-Al terman Corporation which 
is located at 1573 Route 23, Wayne, New Jersey 07470. 

2. From on or about March 4, 1974 until on or about August 16, 

1974 I was employed as a computer programmer by Cyan Engineering 
which was located in Grass Valley, California. 

3. I was involved in a project while employed by Cyan Engineering 
to modify an electromechanical El Toro pinball machine so that the 

El Toro was controlled by an Intel Intellec development system. The 
Intellec was connected to an interface board which was cabled to the 
El Toro by an umbilical cord. Both the Intellec development system and 
the interface board were located external to the El Toro. As a result 
of this involvement I became familiar with the design and operation of 
this modified El Toro. 

4. Work on the El Toro project continued from the time that I 
started at Cyan Engineering until approximately June of 1974. To my 
knowledge no work was done on this project from about early June of 
1974 until I left Cyan Engineering on or about August 16, 1974. 

5. For about the first six weeks of my employment at Cyan Engineer- 
ing there were ongoing discussions concerning our work on the El Toro 
project between Cyan Engineering personnel and Intel employees and 
representatives including Intel applications engineers. In these 
discussions we asked technical questions about the operation of Intel 
microprocessor related products including the MCS-4 microcomputer chip 
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set and the Intellec development system, and how to interface them 
to the El Toro and other games. Additionally, such discussions included 
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7. During my conversations I did not disclose to the Intel people 
any of the details of any work being done at Cyan Engineering. This 
was consistent with my understanding of a strictly followed policy at 
Cyan Engineering of not disclosing to outsiders any details of our work. 
It was my understanding that the reason for this was to prevent dis- 
closure of the details of our work to competitors. 

8. I was the person responsible for programming the Intellec 
development system used with the modified El Toro machine. Within 
the last month I have reviewed the program which was used in the final 
stages of the El Toro project, and which bore the designations GD54 
and GD55, for the purpose of determining the operation of the El Toro 


machine as controlled by the Intellec system with such program. 

9. My review of the program indicated that there was no provision 
in the program, and therefore in the system, to act upon and properly 
respond to the closure of more than one playfield switch simultaneously. 
As a result, continuous closure of a playfield switch as in the case 
of a "stuck switch" would prevent proper response of the game to 
other switches and cause the machine to hang up in a nonoperative state. 

10. Also, in this nonoperative state the digital display would 
not increase the score which normally would have resulted from closure 


Of switches other than the stuck switch, the solenoids such as the 
kickers would not actuate, and the lamps would remain in the state 
they were in prior to the occurrence of the stuck swit 

11. To my knowledge no tests were performed on the modified 
El Toro to determine the machine's susceptibility to electrosta 
noise, and no tests were performed on the machine to determine if 
it accurately scored playfield switch closures other than finger tes 
which involved actuating the playfield switches with a finger or a 
ball to see if a proper score was recorded. To my knowledge no tests 
were performed on the modified El Toro where the response of playfield 
switch closures to a ball in play were tested in real time other than 

observation of the game during play. 

12. To my understanding, nobody at Cyan Engineering who was in 

any way involved in the El Toro project had any expertise in the 

proper operation of a pinball machine. 

13. I was present at a Cyan Engineering "open house" which was 
held on or about June 1974 at the Cyan Engineering facility in Grass 
Valley, California. Although it was called an "open house" it was not 
opened to the general public but rather was strictly limited to Atari 
and Cyan Engineering employees and members of their immediate families 
There were approximately 20 people present who spent about two hours 
viewing the Cyan Engineering facilities, including the laboratory 
where the El Toro prototype was displayed along with other games. 

No food or beverages were served at the facilities during the viewing. 
It was my understanding that everyone present understood that all 
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information learned at the "open house" was to be kept strictly 
company confidential. After the viewing, the participants drove 
to a park located off the Cyan Engineering facilities for a separate 
social gathering. 


(County of Passaic 
(State of New Jersey 


Subscribed and sworn before me this 
of March, 1981. 



fifth d ay 


Notary Public - My Commission 


Expires February 9, 1983 
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Gregory Cox, being duly sworn, deposes and states as follows: 

1. I am currently employed by Kuras-Alterman Corporation which 
Is located at 1573 Route 23, Wayne, New Jersey 07470. 

2. From on or about March 4, 1974 until on or about August 16, 

1974 I was employed as a computer programmer by Cyan Engineering 
which was located In Grass Valley, California. 

3. I was Involved in a project while employed by Cyan Engineering 
to modify an electromechanical El Toro pinball machine so that the 

El Toro was controlled by an Intel Intellec development system. The 
Intellec was connected to an interface board which was cabled to the 
El Toro by an umbilical cord. Both the Intellec development system and 
the interface board were located external to the El Toro. As a result 
of this involvement I became- familiar with the design and operation of 
this modified El Toro. 

4. Work on the El Toro project continued from the time that I 
started at Cyan Engineering until approximately June of 1974. To my 
knowledge no work was done on this project from about early June of 
1974 until I left Cyan Engineering on or about August 16, 1974. 

5. For about the first six weeks of my employment at Cyan Engineer- 
ing there were ongoing discussions concerning our work on the El Toro 
project between Cyan Engineering personnel and Intel employees and 
representatives including Intel applications engineers. In these 
discussions we asked technical questions about the operation of Intel 
microprocessor related products including the MCS-4 microcomputer chip 
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set and the Intellec development system, and how to Interface them 
to the El Toro and other games. Additionally, such discussions included 
questions by us about how to program the Intellec development system 
to control the various components of the El Toro and other games. 

6. Steven Mayer, who was also an employee of Cyan Engineering, and 
I were involved in these discussions. He participated in most of these 
discussions with the Intel people. My participation in these discussions 
Included telephone calls from me to Intel applications engineers referred 
by Steven Mayer. 

7. During my conversations I did not disclose to the Intel people 
any of the details of any work being done at Cyan Engineering. This 
was consistent with my understanding of a strictly followed policy at 
Cyan Engineering of not disclosing to outsiders any details of our work. 

It was my understanding that the reason for this was to prevent dis- 
closure of the details of our work to competitors. 

8. I was the person responsible for programming the Intellec 
development system used with the modified El Toro machine. Within 
the last month I have reviewed the program which was used in the final 
stages of the El Toro project, and which bore the designations GD54 
and GD55, for the purpose of determining the operation of the El Toro 
machine as controlled by the Intellec system with such program. 

9. My review of the program indicated that there was no provision 
in the program, and therefore in the system, to act upon and properly 
respond to the closure of more than one playfield switch simultaneously. 

As a result, continuous closure of a playfield switch as in the case 

of a "stuck switch" would prevent proper response of the game to 
other switches and cause the machine to hang up in a nonoperative state. 

10. Also, in this nonoperative state the digital display would 
not Increase the score which normally would have resulted from closure 
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of switches other than the stuck switch, the solenoids such as the 
kickers would not actuate, and the lamps would remain In the state 
they were In prior to the occurrence of the stuck switch. 

11. To my knowledge no tests were performed on the modified 
El Toro to determine the machine's susceptibility to electrostatic 
noise, and no tests were performed on the machine to determine if 

it accurately scored playfield switch closures other than finger tests 
which Involved actuating the playfield switches with a finger or a 
ball to see If a proper score was recorded. To my knowledge no tests 
were performed on the modified El Toro where the response of playfield 
switch closures to a ball in play were tested in real time other than 
observation of the game during play. 

12. To my understanding, nobody at Cyan Engineering who was in 
any way Involved in the El Toro project had any expertise in the 
proper operation of a pinball machine. 

13. I was present at a Cyan Engineering "open house" which was 
held on or about June 1974 at the Cyan Engineering facility in Grass 
Valley, California. Although it was called an "open house" it was not 
opened to the general public but rather was strictly limited to Atari 
and Cyan Engineering employees and members of their immediate families. 
There were approximately 20 people present who spent about two hours 
viewing the Cyan Engineering facilities, including the laboratory 
where the El Toro prototype was displayed along with other games. 

No food or beverages were served at the facilities during the viewing. 

It was my understanding that everyone present understood that all 





